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PREFACE. 



Untii. the publication of Dr Liebig's 
Report to the British Association for the 
Advancement of Science, on the application 
of Chemistry to Agriculture and Physiology, 
the state of Agricultural Chemistry might be 
compared to that of Astronomy before the 
time of Newton; it was too much encumbered 
with assumption to make any real progress, 
or to produce any practical results. Those 
assumptions are now swept away like the 
crystalline spheres of the older astronomers ; 
and they who would establish a rational and 
improved system of agriculture on a scientific 
basis, may proceed with the firmest conviction 
that the fertility of the soil, whether natural 
or induced, depends on the inorganic sub- 
stances contained in it, — on the proportion of 
the alkalies and alkaline earths, in combina- 
tion with the silicic, sulplmric, hydrochloric 
and phosphoric acids, — that plants take up 
their carbon only in the form of carbonic acid, 
and that in a state of nature they derive their 



Many of the present generation of farmers, 
while they profess their ignorance of che- 
mistry, are ready to admit that it may be 
able to do something for them ; many of the 
next generation will themselves be chemists. 
There is no class of men — if we except the 
landowners — who have better opportunities for 
the cultivation of science, and, with the same 
exception, there is no class who more grievously 
neglect them. Some there are, too old to learn 
any thing new, and satisfied with the well- 
earned celebrity which they have acquired by 
the practice of empirical agricnlture, who pro- 
claim their contempt of all endeavours to raise 
it to the rank of a science, and exclaim, vdien 
you talk to them of Liebig : " It is all non- 
sense, I had Davy down here humbugging 
with his chemistry." But the number of these 
is daily diminishing, as well as of the worship- 
pers of the mysterious principle — they know 
not what it is — which they have enshrined 
in farm-yard dung, who while they proclaim 
that much of its virtue depends on the food 
of the animal, will not condescend to inquire 
into the nature of the substances contained 
in that food — in the corn and beans and oil- 
cake, which by their own confession contribute 
much to the glory of their idol. 
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Mepuffnance of Farmers to imiowztion. 

/~\F all tlie iinpro Yemenis which Iiavc taken place 
^-^ in British Agi-icultiue during the last century, 
few have originated with practical fanners. They liave 
been adopted by them, it is tme, but it has bccu slowly 
and reluctantly; and when adopted they liave been ad- 
hered to with the same pertinacity as the old practice 
which they superseded. The farmer of the present day 
considers his mode of cultivation perfect, and plmnes 
himself on his four or six-course i-otation, by which tiie 
soil is maintained m a state of fertility by the alterna- 
tion of gi-een with white crops. His grandfather con- 
sidered this a grievous innovation, and held that no 
good wheat had been grown since the abandonment of 
the antiquated system of three crops and a fallow. 
His grandson, on the other hand, will wonder ttiat in 
applying the animal excrements which constitute farm- 
yard maniu-e, he should ha\'e systematically deprived 
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Z BEPUGNANCE OF FARMERS f PART I. 

them of the greater part of their fertilizing properties 
before lie laid them on the land ; that he should so 

utterly have neglected the moat powerful manure of all 

human mine ; and that he should have been at the ex- 
pense of cartmg from one extremity of a large and hillj 
farm to the other, many tons per acre of rotten dung, 
when the same resuits might have been obtained 1^ 
means of a few himdred weights of cert^n cheap salts. 
It is the same with mcehanieal impi-overaents of tlie 
implements used in agriculture. Every district haa its 
favourite plough, lianded down from father to son from 
the rudest times, and constructed in apparent defiance 
of some of the plainest principles of mechanics. Im- 
provements in the construction of ploughs are effected, 
which render them capable of performing their work 
as well or better, and with a smaller expenditure of 
labour; but the workmen who have been accustomed 
to the old implements cannot lioM the new, and the 
farmer does not like them, "Your little kicketing 
ploughs," he tells you, "may do very well on the 
light lands of Norfolk, or even on the clays of EiBaez, 
but they will not do here; and as to your two horses, 
we find quite enough to do to plough our land pro- 
perly with four," As well might they lock the wheels 
of their wagons and carta, and then insist on the 
necessity of an increased number of horses to draw 
them; or take the edge off their carving knives, and 
contend that nothing but blunt knives, and plenty of 
strength, will cut meat properly. And yet the ploughs 
of improved construction slowly make then- way, and 
become the established plough of the district; and 
men are now working their land with two horses, 
who, when the first implements of the kind made 
their appearance in their neighbourhood, twenty years 
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ago, allowed the farmer who used ihem three jcara 
only before be would be dragging them along the 
surface of the ground. 

It n^ae the same with the improved breeds of 
cattle. The new Leicesters, and the Short-homs, 
had to contend Avitli mueli prejudice in every fresh 
district in which they came in contact witJi the 
native races, wluch they have superseded. They 
have now become such idols of butchers and graziers, 
that practical men give fancy prices for them, and the 
current of prejudice appears to be so far taking the 
opposite direction, that the valuable qualities of some 
of the unimproved breeds by which they are adapted 
to thdr native districts appear too much overlooked 
in the prevalent rage for producing the greatest 
quantity of tallow in the shortest possible time. 

Mmsom of this repugnance. 
This repugnance to depart from established usages 
if kept witldn due bounds is far from blameable. The 
operations of farming must, from their very nature, 
be a work of routine. The farmer is called on, under 
the most favourable circumstances, for constant and 
laborious attention to minute details, connected not 
only with the cultivation of his land, but with buying 
and selling. In order that the work of his fai-m sliould 
be well performed, it is necessary that each servant 
should know his place, and he expert in his pecidiar 
department. This expertnees is only attained by 
practice ; and if the nature of his employment be 
&equently changed, he will require constant instruc- 
tion in the new operations which he has to peifonn ; 
and an additional weight of personal attention and 
respoDsihility will thus be thrown on the master. 
1—2 
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A faiTOer who has overeome his own prejudices, 
has to contend with those of his sonants, who wouH 
often he hotter pleased that liis experiments, as cauaiiK 
trouble to tliemselvea, should fail than succeed. Ht 
has also arrayed against him the prejudice and ridicule 
of his neighbours, and sometimes of his landtoni, 
who, despising every thing beaiing the uanie of science, 
and himself little versed in the details of practice, 
holds what he calls a theorist in the most sover^ 
contempt, and looks up with veneration to the moel 
absurd dogmas promulgated with an aii- of authority 
by a practical man. 

Experiments must, likewise, in some degree, de- 
range the regular economy of a farm ; if conducted on 
a large scale they are hazardous ; if tried on a snail 
scale they require much trouble and attention in the 
separate harvesting, and weighing or measurement of 
the crops, without which precision the experiments 
in most cases utterly worthlesa. 

The farmer, moreover, hhes his land on the calot 
lation that he shall realise a given profit by cultivating 
it according to an established system of husbandry, 
he acts more prudently by adhering to that system, 
than by seeking a larger profit from another, depepident 
on the result of uncertain experiments. 

Experimental Agriculture the prober worX: of 
Landlords. 



Ihe improvement of agrieultui-e by means of expe- 
tntat farming, should therefore l>e the work, not of 
tenants but of landlords. If the experiments fail in 
their hands they can afford the loss ; they will ulti- 
mately derive most benefit fl'om their success, and 
though success will, perhaps, in the first instance be- 
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attrilnitefl to strength of pui-se, and to an outlay dis- 
proportioned to tiio profit derived from it, which none 
but gentlemen can afibrd, and winch would not answer 
for those who have to make a living by fanning, yet, 
jifter a time, some practical man, bolder than his 
neighbourg, will adopt the practice resulting from these 
siiccossfid experimental it will be seen that in his 
bands it is profitable ; one by one his neighbours 
■will follow his example, till in time it will become 
the estabh'shed practice of a large disti-ict, and will 
eventually spread over the whole kingdom. 

Experiments in farming ai-e of two hinds : those 
which have for their object the introduction of new 
modes of cultivation, based on scientific principles, but 
which have not yet anywhere been reduced to practice ; 
and those which have for their object the extension of 
supenor systems of practice, nhich have long been 
attended with success in other districts, under similar 
conditions of soil and climate. The former would be 
best carried on npon farms devoted exclusively to ex- 
penment, supported by tlie subscriptions of associated 
landlords, and managed by men, of whom plenty might 
be found, familiar with the details of practical farming, 
and with the principles of science ; and now that tlie 
aptitude of the improved breeds of cattle to fatten has 
been so well ascertained, and the principles on wliich 
improvement of that kind should proceed are so well 
understood, the funds of AgriciJtural Societies would 
be better employed in experiments such as these, than 
in ^ving prizes for sheep and oxen, made so fat that 
nobody can eat them ; or they might be tried .by a 
number of landlords, and the wealtliier tenants indi- 
vidually, acting under the direction of a committee of 
the Royal Agricultural Association, by whom the con- 
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£tion3 of the experiment should bo laid donii so uKi 
obtain uniform results, and to test the accuracy of Ht 
theoreticaJ views which it is sought to establish or t(i 
refute. The result of such experiments should in d 
cases be determined by weight and measure, not hy 
loose estimates; and to render them valuable to science, 
tbey should alwaj-s be accompanied by the best posaSifc 
analysis of the soil on which they were tried, and of tin 
crops produced on it. 

The second class of experiments, which have ft* 
their object the extension of improved modes of JBtr 
nagement which have stood the test of long experieiM 
in other districts, arc more than the majority of f^iD- 
ers can l)e induced to make, and are those to vhidi 
most of the cultivators who are disposed to deviate 
from the beaten track will do well to confine themselves. 
The trial of that which succeeds in the next field to 
your own, and which is more than many will ventnR 
upon, scarcely deserves the name of an experiment. 

Iriereased disposition of Fanmn to adopt improve- 

Km&nt. 
nt by whomsoever experiments are to be made, 
certain that to be of any use they ought to be 
conducted on some fixed principles, instead of upon 
the plan of try flwy thmg, and if that does not suc- 
ceed, try any thing else, or try nothing, and conclude 
your present system of management perfect. The 
movement of mind by which the present age is dis- 
tinguished, has communicated itself to the farmers, 
and within these few years practical men have shewn 
a greater inclination, not only to adopt improvemeirts, 
but to take the lead in them; and a growing dis- 
1 poeotion ia manifested by them to invoke the aid of 
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Bcience. In proof of this, it is oidy necessary to 
refer to the crowds in which they flock, from aU 
parts of the kingdom, to the annual meetings of the 
Agricultural Association, where they mix \vith Pro- 
fessors of geology, chemistry, botany, and zoology — 
where their ears, at least, become familiar with such 
terms as oxygen, hydrogen, carbon, and nitrogen ; glu- 
ten and albumen, vegetable tissuo, and muscular fibre; 
imd where they learn that farming consists in ^ding 
those natural processes by which nitrogen is converted 
into corn and beef. Wo might also refer to the nu- 
merous farmers clubs instituted in most agricultm^ 
districts, and the discussions raised at those meetings 
on new modes of cultivation — new at least to them, for 
most of them have long been practised with success in 
other counties, not an hundred miles distant. It is not 
4 little amusing to hoar some of the older farmers who 
have been prevailed on to join these clubs, excuse them- 
selves for so doing by maintaining their conviction of 
the inutility of such meetings and discusdons for thmOt 
though perhaps, "the young ones" may learn some- 
thing, by listening to the combined experience of all 
the ^ricultural sages of the neighbourhood, instead of 
deriving their sole knowledge of the art and mystery of 
farmin g from their fathers and grandfathers. 

Seport of a debate in a Farmer's Cluh. 

The course which such discussions take, renders it 
evident that the exjffiriments mado are generally con- 
ducted on no fixed principles, but are for the most part 
under the guidance of blind chance. Be the subject 
under conaideration the use of liquid manure, or of the 
nitrates of soda and potassa, or of ground bones or 
gypsum, the debate ahnost invariably takes the follow- 
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ing course. Mr Hopkins has tried the manure in ques- 
tion, and derived no benefit from it. Mr Smith, on the 
other hand, announces the brilliant success of his es- 
periments \vith it. Mr Brown declares Iiis e\perienM 
to be the very rei'erse of this ; and to coincide with that 
of Mr Hopkins, "liquid manure" he says "is liquid 
nonsense," ajid a few loads of rotten dung are worti 
all the nitrates of soda and potassa in the creation, 
This Mr Grainger as stoutly denies, and so the discus- 
sion proceeds to the extent of at least a dozen speak- 
ers, when the chairman sums up with becoming impar- 
tiality, by declaring, with Sir Roger de Coverly, that 
there is a great deal to be said on both sides. Should 
the subject before them, however, be the merits of two- 
horse ploughs, the course of the debate will be so &r 
different tliat they will be condemned by acclamation, 
one, or, at the most, two farmers having the liardihood 
to defend them ; and it will generally be found, that 
these are not natives of the district, but have been 
brought from Norfolk, or Northumberland, by some 
improving landlord. 

Agricultural experiments require scientific direction. 
With respect to the discordant results announced 
by these di^rent experimenters, they may be traced to 
a difference in the conditions under which the experi- 
ments were made. The soil in one ease was deficient 
in the elements contained in the substance employed; 
in the other, it contained them in as large quantities as 
the crop raised could take up ; or, tlie crop in the one 
ease consisted of a plant into the composition of which 
those elements enter but sparingly, while in the other 
they were required largely ; or in the manure applied, 
two aubetances required by the crop were present while 
two more were deficient. Experiments of i/te Mnd, to 
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be coiiduded priori}/, require a knoidedge of the con- 
stituents of the soil and af the plants to ie raised on it, 
and a knowledge of iehat portion of those constituents 
they derice from the soil and ivhat portion from the 
atmosphere. To commimicate this knowledge in a plain 

«is the object of the following pages, 
Liehig on the application of Chemistry 
to Agriculture, 
Dr Liebig, of Giessen in Hesae DormBUdt, is reck- 
oned the first organic chemist in Europe. By organic 
chemistry is meant that department of the science 
which investigates the chemical constituents of plants 
and animals. At the request of the British Associa- 
tion for the Advancement of Science, Dr Liebig has 
publislied a Heport on the present state of organic 
ehemistrj', in its application to Agiicidture and 
Physiology. Valuable as (his report is, it ia of too 
scientific a character for those readers for whose use 
these pages are intended. 

Plan of this icori. 
I propose, therefore, to lay before them an outline 
of its contents, in popular language, with such expla- 
nations as will bring them down to the comprehension 
of the most unscientific reader, who will only bestow 
on the subject the necessarj- attention. The First Part 
will be devoted to an explanation of so much of the 
rudiments of Chemistry as is necessary for the under- 
standing' of DrLiebig's views; and the Second Part will 
contain the results of his investigations, as to the sources 
from which plants derive the elements which enter into 
their composition ; and will treat of the practical ap- 
plication of those results to Agriculture. 
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ELEMENTARY SUBSTANCES. 



Simple and compound bodies — proccases by whitdi i ^ 

is efifeeted — bwa of combination — enumeration of aimjJe 
bodies— gaaes—osygen— hydrogen — nitrogen — chlorine 
cheraicol nomcnclatnre — non-metallic sollda — sulpirar— 
p] lospl 1 oroua— carbon — silicon . 

Alt, the substances, organic and inorganic, whlcli 
exist in the world, are composed of 55 bodies Tarioualy 
comliined, which chemiets call elementary or simphy 
because, as far as we know at present, they conast 
of only one substance, and all the resources of the 
laboratory have been inadequate to decompose m 
reduce them to more simple fonus. It is necessan' 
here to explain what is meant by decomposinff a 
substance or reducing it to its elements. A lamp 
of chalk, or a piece of wood are compound bodira. 
The chalk is carbonate of lime, and consists of car- 
bonic acid and lime,— but neither of those is an 
elementary substance ; carbonic acid is composed of 
carbon and oxygen ; — lime, of calcium and oxygen. 
The ultimate elements of carbonate of lime, there- 
fore, are carbon, oxygen, and calcium, none of which 
chemists have yet succeeded m reducing to two or 
more substances. The elonents of wood, again, are 
carbon, oxygen, and hydrogen. 

There are various processes by which decomposi- 
tion is effected. The decay or putrefaction of an imal 
and vegetable substances are natural processes of de- 
composition, by which their elements, oxygen, hydro- 
gen, nitrogen, and cai'bon, are set free to enter into 
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new combinations. Substances are also decomposed 
by the action of heat. Tbe cnmbustion or bm-ning of 
wood or coal is a process of decomposition. During 
combustion their hydrogen ia set fiee and inflamed, 
and their carbon, entering into combination with the 
oxygen of the atmosphere, forms carbonic acid. Lime- 
tuming is another instance of tbe decomposition of a 
compound substance by means of beat. During the 
process carbonic acid is driven off, and quick lime — 
oxide of calcium, remains in the kihi. Decomposition 
also takes place when two compound bodies are brought 
into contact. If the elements of the one have an 
affinity or tendency to unite with the elements of the 
other, greater than that wlueh keeps their elements 
together, mutual action takes place, and new com- 
pounds are formed in which the same elements arc 
diflerently combined. If, for uiatance, we put into a 
retort some fragments of carbonate of lime (clialk or 
limestone,) and pour upon them some diluted sulphuric 
acid, the affinity between lime and carbonic acid being 
weaker than the affinity between lime and sulphuric 
acid, the sulphuric acid combines with the lime and 
remains in the retort, as sulphate of lime, and the car- 
bonic acid is expelled in the form of a gas. !t may be 
known by a peculiar odour, and by its changing to a 
red colour (like almost all acids,) paper tinged blue 
by tincture of litmus. 

Instead of allowing the carbonic acid to escape, 
let the beak of the retort be plunged into a vessel of 
water, and bubbles of carbonic aeid will be seen to rise 
through the water. By means of an apparatus called 
a pneumatic trou^i, which will be described here- 
after, this gas may be collected in bottles and jars, 
and its properties examined. 



12 



XD COMPOUND BODIES. 



[- 



In the above esperiment, sulpburic acid and car- 
bonate of lime were employed. Only one of the sul>- 
stanees was decomposed ; sulphate of hme remained in 
the retort, and carbonic acid was set free to mix witli 
the atmosphere, and enter, in the course of time, into 
new combinations. Let us now take an example in 
which four affinities are called into play by mixing two 
compound bodies, and double decomposition takes 
place, with the formation of new compounds in 
which the same elements are differently combined 
if, for instance, we mix solutions of nitrate of lime 
and caibonate of potassa, and consisting of 



NlTRATB OF hlilB 

■ Nitric acid 



Carbonate of Lin 



Carbonic acid 



(proiliicte of the 1 
I decomposition J 



Polassa 
Nitrate of Polaaaa 



the affinity or tendency to unite, which keeps together 
the nitric acid and the lime, and the carbonic Acid 
and the potassa, being weaker than tliat subsisting be- 
tween nitric acid and the potassa, and the carbonic 
acid and the Hme, mutual re-action takes place, the 
original compounds are decomposed, and two new 
compounds produced, viz. carbonate of lime and nitrate 
of potasiia, the weight of which will be equal to that 
of the original substances employed. 

Decomposition also takes place when the substance 
to be decomposed is brought in contact with the wires 
connecting the opposite poles of a galvanic battery. 

3y all these procet-ses then, namely, 
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1. By the decay and putrefaction of animaJ and 
vegetable bodies ; 

2. By combustion or the action of heat ; 

3. By the different degrees of affinity esistiug be- 
tween the elements of compound bodies brouglit into 
contact ; and 

4. By the action of electric or voltaic currenta, 
bodiee arc decomposed, and new compounds formed. 
The cbenust, in conducting hia researches into the 
elements, or simple bodies of which compound bodies 
consist, chiefly employs the thi-ee latter ; of these 
voltaic action is the most powerful, effecting the 
decomposition of substances which had long resisted 
all other modes of attack. 

By means of a strong voltaic current Davy suc- 
ceeded in decomposing the alkalies, potassa and soda, 
and the earths, lime, magnesia. Sic. which had, till 
then, been deemed simple bodies. Its feebler action 
pervades all nature, and produces effects both in the 
organic and inorganic world of the utmost importance, 
but respecting which we liave yet much to learn. 

By tlie natural processes of decomposition, hard 
and barren rocks are converted into fruitful soils — soils 
jield part of tlieir elements to plants — plants are con- 
verted into animal substances, and animals, dying and 
turning to decay, fiu'nish Uie elements of plants again. 
The poet has told us — 

Imperial Cicaar, dciwl, and lumed lo lAay, 
May atoiJ a gap (o keep the wind away. 
The chemist pursues the metamorphosis further, and 
sees the particles of nitrogen which once were Ciesar 
entering into the composition of a load of hay or a 
sirloin of beef, and contributing to increase the bidk 
of a jirize os, — a portly aldennan, or a jolly farmer — 
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" we feed all things for outaelvos, we feed ouadit 
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LAWS OF COMBINATION. 



lut though all organic and inorganic bodies n 
linations of a tew simple, or elementary 
such comlrinations take place under certain fixed hn 
Those limit the number of componnds, which n 
othen^l&e be as numerous as there are pos^ble oo 
nations of fifty-five (or perhaps more) diETerent 
stances. In the first place, certain of these elen 
have no affinity for each other, and do not comliantit 
all ; and those which have an affinity, combine orf 
under the following conditions. 

1, TViff comjxisition of bodies isjixed and i 
hie. 

A compound substance always consists of the mek 
elemmfi wnited in (he same proporiioa. Its characte^ 
istic properties cease when the proportions of its de- 
ments vary, and a new compotmd is the result possessed 
of difierent properties. 

Carbonic oxide always consists of 6 parts by weigtil 
(^carbon and 8 of oxygen. A compound of 6 carbon 
and 1 6 oxygen constitutes carbonic acid, and possesses 
properties very difTerent from those of carbonic oxide. 

2. jf7*fl relative quaniities in ichich bodies vniU 
may he ea^rested hi/ proportional nuinhers. 

In whatever proportion, by weight, one body com- 
bines with another, it presenea the same relative 
I fwy ortion in all its combinations. Tina is called itfs 
W^^tmint; proportion or tfm^niy and 
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^ Its atomic joeight. In determining tbis proportional 
I number, it is necessary to assume some Btandard as 
I unity. English chemists have adopted hydrogen as 
y this standard, and as, water, tbe most simple com- 
|i pound of hydrogen and oxygen, contains S parts by 

[weight of oxygen to one of hydrogen, the combining 
proportion of the latter is 1, and of the former 8; 
t and in these proportions, or multiples of them, they 
I combine with other bodies. Eight parts of oi^'gcn 
! unite with 1 of hydrogen, 16 of sulphur, 20 of cal- 
cium, 24 of sodium, 40 of potassium. 

Compound bodies have likewise their combining 
proportions or e^valents, which may be expressed 
in numbers. The equivalent of milpburic acid is 40, 
namely, sulphur, as above, 16, and oxygen 24, or 
three equivalents. The equivalent of sulphate of 
lime, again, is 68, namely, sulphuric acid 40, and 
hme 28 (calcium 20, oxygen 8.) 

3. Whm a bodj/ A imites with another body B in 
tiffo or more j>rqportit»is, the quantiiies of t/te latter, 
united icith the same quantity of the former, hear to 
each other a very simple ratio, tchich may he repre- 
sented hy one or other of the following series. 

Ist series, A, unites with 1, 2, 3, 4, 5, &c. equiva- 
lents or doses of B, 

2nd series, A, unites with 1, 1^, 2, 2^, &c. equiva- 
lents of B. 

Carbonic oxide and carbonic aeid afford examples 
of combination according to the fii-st series. 

Corbnn. Oxygen, BaUo. 

Carbonic oxide consists of . ... 6 8 1 

Carbonic acid 6 16 2 

In the first case one equivalent of carbon unites with 
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one equivalent of oxygen ; in the second it unites with 
two equivalents. 

Tlie protoxide and peroxide of iron afibrds example! 
combination according to the second series. 

Iron. Oxysen. BaOn 

Protoxide of iron consists of 28 8 1 

Peroxide of iron 28 12 IJ 

in which one equivalent of iron unites with 1 or l^of 
equivalent of oxygen. 

Those laws, which conatitute the doctrine of defi- 
nite proportions, are of the utmost importance. Tlwy 
form a most valuable aid to the memoiy with respect 
to the constitution of a numerous class of compounds, 
which may be easily calculated by remembering the 
equivalents of a few elementary substances. They 
sist the practical chemist in determining with certain^ 
and facility the exact quantities necessai-y to prodi 
given compound ; and they furnish means for testing 
the results of analysis, and, in some cases, of determin- 
ing, by calculation, the composition of a substance even 
before an analysis of it has been effected. 



THE SIMPLE BODIES DESCRIBED. 



I have said that the number of simple, or element- 
any substances, at present known, is fifty-five. The 
number, however, is continually varying. Pi-eqnent 
additions are made to the list by the discovery of some 
new metals, more rarely, by the discovery, as in tha 
case before mentioned, of the alkalies and earths, that 
some, which had previously been considered simple, are^' 
in reality, compound. Some few are now suspected fay 
the chemist to be compound ; but as their decompo^- 
tion has never yet been effected, wc are compelled ia 
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the present state of our knowledge to i-egai-d tliem as 
simple, 

The sitiiple bodica may be classed in tlio Tollowing 
manner, namely: 

Five gases, or vapours : o^gen, hi/drogeii, nitrogen, 
cMorim and Jluorine. 

Eight non-metallic solids and fluids : sulphur, pJtog- 
plienis, selenium, iodine, Vtromine, boron, earlun, and 
silicon. 

Three metallic bases of the alkalies : ]7otassium, so- 
dium, lithium. 

Four metric bases of the alkaline earths : barium, 
strontium, calcium and magnesium. 

Five metallic bases of the earths: aluminum, yttrium, 
glucinum, zirconium and thorium. 

Thirty metals, such as gold, silver, iron, &c., the 
names of which I shall not enumerate, as, with the ex- 
ception of iron, they are not of much importance in 
that department of chemistry under our consideration. 
The elementary substances of most consequence to our 
present inquiries, are those printed in italics in the 
above list, namely, oxygen, hydrogen, nitrogen, chlo- 
rine, sulphur, phosphonis, carbon, silicon, potassium, 
sodium, calcium, magnesium and aluminum. 

THE GASES. 



Oxi/gen. 



^^^^5xygen, in its uneombined state, is a permanently 
elastic, invisible gas, without taste or emell. By per- 
manently elastic is meant, that by no compressing force 
or degree of cold, hitherto applied, has it been con- 
densed into a liquid or solid state. It is never met 



18 OXYGEN. 

with in nature except in combination with ofltvoi 
For some of them it ha& so strong an affinity, that itil 
separated from them with the greatest difficulty. Sl 
has so general an afiinity for most substances, and aM 
tcrs so largely into their composition, aiul its componn^l 
form so large a portion of all rocks and soils, tliatitill 
supposed to constitute nearly one-half of all the pofrB 
derable matter composing the exterior parts of till 
glo1>e. 

In Bih'ca, or tiie earth) , » , „ 

of flints |8ontofl6aiBoxygen. 

In alumina, or thel 

earth of clay . . J ■ ■ - ■ 

In magnesia 8 ... 30 

In lime 8 ... 28 

In potassa 8 ... 48 

In soda 8 ... 32 

In carbonic acid 16 ... 22 

In sulphuric acid ... 24 ... 40 

A lai^ portion of the atmosphere consists of oxy 
gen, deprived of which it loses its power of supportti^ 
animal life. Oomliined ivith hydrogen in the propa 
tion of 8 to 1 it forms water. 

Oxygen, though not inflammable, is a supporter 
combustion ; every substance which bums in 
air bums with much greater intensify in oxygen gas 
the gloiving wick of a candle, or the glowing cinder 
paper, after the flame baa been exstingmshed, bun 
into flame again when plunged into oxygen gas. 
iron and steel undergo rapid and brilliant combustion 
in oxygen. During the process of combustion 
burning body, or a portion of its elements, 
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with oxygen. It was at one time sopposed that 
combustion could not take place without the pre- 
sence of oxygen ; but it has been ascertained that 
there are other supporters of combustion, as chlorine, 
bromine, iodine and fluorine. 

Many persons who are ignorant of chemistry, when 
they hear of oxygen, hydrogen, &c. consider them as 
mere creatures of the imagination, or as they call it, 
" all theory." I shall therefore describe some of the 
modes, by means of which, with the aid of a cheap 
apparatus, these bodies may be obtained from some of 
their compounds in a separate state, and eifects pro- 
duced A\hich will convince any one who will take the 
trouble of making the experiment, of the existence of 
these powerful though invisible substances. 

For the purpose of procuring or experimenting with 
oxT'geu, it is necessary to be provided with a pneumatic 
trough, represented in the annexed cut, which is the 



_AEL 






section of a trough nearly filled with water (represented 
by the dotted line,) and having a small shelf, about two 
inches below the smface of the water, on which bottles 
or jare may he placed over a hole in the shelf about 
^ of an inch in diameter. The use of this apparatus in 
collecting gases will now be shewn. If n-e fill a bottle 
with water, and tmii the mouth downwards, the water 
wiU escape with a gurgling noise; bubbles of air will 
riae through the neck of the bottle, and when all the 
water shah have run out, the ap2Ktr';nil^ empty bottle 
leill be full of air. 
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The air in this bottle may be transferred il 
other, by means of the poeumatic trough, in the fid- 
lowing manner. Fill a bottle or jar quite full of jvdia, 
by plunging it in the deep part of the trough ; tbea 
carefully inverting it wilhont bringing its mouth above 
the surface of the wafer, slide it on to the shelf and 
}dace it with its mouth don-nwards over the hole in the 
shelf. Next, plunge the neck of your bottle of m 
below the water; bring it beneath the other bottle, 
and on inclining it into the position represented by B 
in the last cut, bubbles of air will escape and rise into 
the bottle ft, displaying an equal bulk of water, till il 
is all removed and the bottle filled nith air. If, 
stead of common air, the bottle £ had been filled witli 
oxygen, and corked or stoppered up, it would have 
been necessary, after plimging its mouth below the 
water to remove the cork or stopper, and to bring 
the mouth of the bottle below that of i, when the 
latter would have been filled with oxygen. In order 
to confine it in the bottle, slide it gently off the shelf, 
keeping the mouth below the water, and insert the 
cork or stopper. If the latter is used it should haye 
been slightly greased with a httle tallow or lard, 

Those who wish to examine the peculiar properties 
of this and the other gases, and would avoid the trouble 
of preparing them, may purchase them in London at 
the operative chemists, at about sixpence per gallon ; 
but, as it will impress the subject more on the mind 
to procure them by decomposing some of the substance 
containing them, I shall now explain the common 
metliod of obtaining oxygen gas from the black oxide 
of manganese, which may be pureliased for three-pence 
r pound. 

of this black oxide is to be thoroughly 
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I dried on the hob, or, which is still better, on the 
^ top of an Araot's stove (stirring it while dr)ing with 
h a piece of iron wire) till a plate of glass held over it 
1 remains quite bright, no moisture condensing on it. 
I Unless this precaution be taken there is a danger that 
It steam, generated dmiug a subsequent part of the pro- 
cess, might produce an explosion. A gun-barrel, of a 
large bore, is to be procured, the touch-hole of which 
is to be stopped, by plugging it with a piece of wire. 
Into this gun-barrel some of the dried manganese must 
now be poured, till it is nearly half full. It must not 
be tightly rammed but left loose. Into the mouth of 
tlie barrel a cork is to be fixed, which has been neatly 
and smoothly perforated, first, by piercing it with a 
brad-awl, and then by enlai^ing the hole by means of 
a rat-tail file, till a half-inch pew-ter gas-tube (which 
may be procured at any gas-fitters) will fit tightly into 
it. The joint must be made air-tight by means of a 
strip of bladder (well soaked in water till quite soft) 
tied round the end of the gun-barrel near the cork and 

a little way up the pewter pipe. The 

pewter tube is next to be bent into I 

this form. The breech-end of the 
gun-baiTel is then to be thrnst horizontally into the 
fire. After a short time a fittle steam will come 
over, caused by a small qiiantity of water reman- 
ing in the manganese however well dried, and now 
expelled by tlie greater heat. ^Vhen this vapour 
ceases oxygen will be given out. Its pi-esence may 
be known by lighting a piece of paper, blowing out 
the flame and holding the glowing paper-cinder to the 
pipe. When this is rekindled it is time to begin col- 
lecting the oxygen. To do this, place the pneumatic 
trough 80 that the bent tube may dip below the sur- 
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taee of the water, and its ead may be just under the 
hole in the ahelf. Fill a bottle, or gi^ea jar, quite 
fiill of water ; turn it bottom upwartls in the ivaier, 
and gently and carefully slide it on to the shelf, so 
that its mouth may be over the bole. Bubbles uI 
oxygen nill now rise and displace the water in the ju 
or bottle. If it be intended to keep a supply of gas fa 
fiittire use, wide-mouthed bottles must be used fitttd 
with ground glass stoppers, the stoppers and mouths d 
the bottles being slightly greased after being well dried, 
soastomake themair-tight. Whenoneof thesebottla 
is quite full of gas, slide it carefully off the shelf with 
one band, and with the other insert the stopper, giving 
it a shght twist. Tie a piece of cloth over the neck fflt 
the bottle to prevent the expansion of the gas from 
(jiange of temperature forcing out the stopper, and 
the bottles into a cool place, where they may be kept 
for some months. AVhen gas ceases to be evoh 
or you have filled as many bottles as you require, 

move the trough, bend the tube 
*^^"^^ V into the annexed form that the 
water may run out, and, having 
protected your hand by a strong wooUen glove, draw 
the gun-barrel from the fire and place it to cool, so 
that the pewter pipe may hang doitn, for if any wator 
^ould drain back to the hot iron or manganese, the 
steam suddenly generated would produce an explosion, 
niuch would scatter the hot contents of the gun-barret 
dwnt and perhaps send some of them in your face. 
Oxygen may also be prepared from the peroxide 
or black oxide of manganese by mixing it in fine 
powder in a glass retort, witli about an equal wei^t 
of Btrong sulphuric acid, and heating the retort by 
means of a spirit lamp, when the gas may be collected 
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by plunging the beak of the retort into the water of 
the pneumatic trough, as already described in the case 
of the gun-baiTel« This cut represents a pneumatic 




trough, for experiments in which very large glasses are 
used ; a is the trough, h the well for filling the jars 
with water, c an inverted jar placed over the hole in 
the shallow shelf. The flap on the i^de is for placing 
a lamp under the retort. This cut represents a glass 
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gas-bottle for the evolution of carbonic acid or hydro- 
gen, with a curved tube b of glass, fitted by grindiDg 
into the neck of the flask a. This is an arrangenuBt 
for collecting light and heavy gases, the former on the 
left, the latter on the right. 




The properties of oxygen as a supporter of com- 
bustion may be seen in the following experiment. 
Fasten a piece of wax taper to the short end of a piece 
of wire bent into a hook thus " 



Open one 

of your stoppered bottles of oxygen, as it stands with 
its mouth upwards on the table, for the oxygen will 
not escape, being rather heavier than the air, the 
flame of the taper will burn with increased dimensions 
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and greater brilliancy, and on withdra\^ing the taper, 
extinguishing the flame, and plunging the glowing 
wick into oxygen, it will be rekindled. 

Though oxygen combining with many other sub- 
stances produces acids, it possesses no acid properties 
itself. Dip a piece of blue Utmus paper into one of 
your bottles, it will not be turned red as it would be if 
an acid were present ; neither has oxygen any alkaUnc 
properties, though combined with soda and potassium 
it forms alkalies, for on making a similar experiment 
with yellow turmeric paper, you \sill find that its colour 
is not changed to reddish bro\Mi. These are called 
by chemists ^^^-papers, and the operation of trying 
for acids and alkalies by means of them, or for other 
bodies by means of different substances which produce 
characteristic effects, is called testing. 



Hydrogen, 

I now proceed to hydrogen, which derives its 
name from two Greek words, signifying generator of 
water, because it is one of the constituents of that 
fluid. It is the lightest of all known ponderable sub- 
stances, weighing scarcely more than one fifteenth of 
an equal bulk of common air. Like oxygen, it is a 
permanently elastic and invisible gas, highly inflam- 
mable, though but a feeble supporter of combustion, 
and so injurious to animal life as to occasion death 
when breathed for any length of time. In its pure 
state it is perfectly inodorous ; the disagreeable smell 
that usually accompanies hydrogen arises from impu- 
rities contained in it. The smell produced when hot 
iron is plunged into water, or water is tlu*own on 
burning coals, is occasioned by the \\\)et«i.\\ou cA \v5 
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drogen from the water contammated with some ia- 
purities derived from the iron and the coals. 

AVater is composed of hydrogen and ojngffl 
combined, in the proportion of two pai-fs by m 
of hydrogen to one of oxygen, or of eight parts ly 
weight of oxygen to one of hy(hogen. This hs 
been proved both by decomposing w-ater by 
of a galvanic battery, and collecting the two gaso, 
and also by mixing oxygen and hydrogen in tbs 
above proportions. The two gases when mixed re- 
main nnaltered till compressed into a small composB 
by means of a condensing syringe, or till an elertrii! 
spai'k be passed through them, when they combine 
with a loud report and a vivid flash. The experiment, 
hoiverer, is dangerotts. Combination may be effected 
more safely by mixing the two gases in a bladiler, 
(wAi'cA must be small,) first squeezed tight to exclude 
atmospheric air ; on pricking the bladder with a 
rteedic and applying the flame of a candle to the 
hole, the bladder \vill burst with an explosion like 
that of a pistol. 

By neither of these proces.ses can the water re- 
sulting from the combination of the two gases be 
collected ; but the mixed gases, if heated at a lower 
tcmpeiatm'G than that at which they explode, eota 
(pietly into combination and water is obt^ued. 
^V^ator may also be sliewn to be composed of ojj' 
gen and hydrogen thus : procure a bottle fitted with 
a perforated cork, through which a slender glass, or 
metallic tube, or piece of tobacco pipe is passed ; put 
into the bottle a few small iron nails or pieces rf 
nine ; let them be more than covered with water ; 
r in sulphuric acid, alxiut equal to the weig^ 
e metal ; and fit the cork and tube in the bottfe^ 
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SO as to be lur tight. Hydrogen will be disengaged 
in abundance; and on the application of the flame 
of a candle to the jet of gas which issues through the 
pipe, it will burn slowly and quietly. Two minutes 
at least should, however, be allowed to elapse after 
closing the bottle before applying the flame, in order 
that aQ the atmospheric air in the bottle may first 
escape, or an explosion will take place. 

This apparatus is called the ^'philosophical candle,^^ 
and by means of it the production of water by the 
combination of hydrogen witli oxygen, may be shewn 
in the following manner. While the jet of gas is 
burning, hold over it a tumbler or glass jar; the oxygen 
of the atmospheric air combining with the burning 
hydrogen, will form water which will condense on the 
glass so long as it remains cool. The annexed figure 
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represents an apparatus used by chemical lecturers for 
exhibiting the fonnatioii of water; d ia tlie philosophi 
cal candle just described, by means of which a jet c 
hydrogen ia burned under the coppei- funnel a, and 
uniting witli the oxygen of the atmosphere, prodi 
tho *'apour of water, which entering the glass cylinder 
b condenses in drops. A current of air parses throu^ 
the cylinder by means of the curved tube c, and allows 
the escape of the nitrogen which accompanies oxygen 
in atmospheric air. 

This figure represents an apparatus for decomposing 
water by means of a voltaic cunent ; tz is „ , 
a small glass like a wine glass, the sides 
of which having been perforated, platinum 
wires hb, are firmly cemented into them, 
The glass ia to be filled with water, to 
which fen or twelve drops of strong sid- 
phuric acid are added to render it a better 
conductor of electricity. On connecting the platinum 
wires with the wires attached to the ojiposite ends of 
tlie galvanic battery, numerous small bubbles wi 




lioni each of the wu-ea. These bubbles may bo col- 
lected by means of two small glass tubes six inches 
long, and about a quarter of an inch in diameter c e^ 
filled with water, and inverted in tlie wine glass over 
the platinum wires, iu the same manner that a jar is 
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inverted in the pneumatic trough. The gas collected 
in one of these tubes may be proved to be oxygen by 
its rekindling the glowing cinder of a piece of wood or 
paper brought in contact with it. The gas collected 
in the other may be known to be hydrogen by its 
inflaming when brought in contact with the flame of 
a lighted paper. By means of this apparatus it will be 
found that on decomposing a given quantity of water, 
two volumes or bulks of hydrogen will be collected 
for one of oxygen. Water may be decomposed and 
hydrogen obtained by the following method; put a 
quantity of iron filings into a gun-barrel, from which 
the breech has been removed, connecting one end of 
it with the beak of a retort which contains water, and 
making the joint air-tight by binding over it a strip 
of wet bladder. The barrel being kept in a bright red 
-heat by being passed through a portable furnace, and 
the water being made to boil in the retort by the 
application of a spirit lamp, the steam passing through 
the gun-barrel will be decomposed; its oxygen will 
unite with the iron turnings to form oxide of iron, or 
iron rust, and the hydrogen, set free, may be collected 
by bringing a bent pewter pipe fixed into the other 
end of the gun-barrel, (in the manner described in 
treating of oxygen) under the mouth of a jar or 
bottle filled with water,, and placed on the shelf of a 
pneumatic trough. Or the hydrogen may be collected 
in a bladder, frdm which the atmospheric air has been 
squeezed by fixing it at the end of the gun-barrel. 
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^^^^ Nitrogen is another pennanently elastic and 
r visible gas, of great importance in organic chemi&tij-, 
I both aa a constituent of animal and vegetable 6ub- 

I stances, and aa entering into the composition of atmo- 

spheric ail", so essential to their existence. It is ^ 
called azote, from a Greek word signifying deprivation 
of life, on a«comit of the deadly effects produced by it 
when inhaled into the lunga. This property, howerer, 
it possesses in common with several other gases, and 
therefore nitrogen or generator of nitre is a -preferable 
name. 

Nitrogen is not a supporter of combustion, but 
extinguishes all burning bodies that are plunged in it ; 
neither ia it inflammable, lilte hydrogen, though under 
certain circumstances it may be made to combine with 
oxygen. 

Incapable, however, as nitrogen is of supporting 
animal life, the air which we brcatlie consists of eight 
parts by weight of oxygen, and twenty-eight of nitro- 
gen. Nitrogen may be obtained for examination by 
depriving atmospheric air of its oxygen, by the foUow- 
ing process. Place a small cup in a soup plate, or 
other shallow vessel of wafer, and place in the cup a 
bit of phosphorus about the size of a pea. Inflame the 
phosphoras by means of a heated wire, 
and cover it with a deflagrating glass jar 
with the stopper removed. Then insert the 
stopper while the jar stands in the water. 
It will speedily be filled with white fiinie.4, 
which consist of phosphoric acid, formed 
the combination of the phosphorus 
tho oxygen of the air in the jar. 
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This acid is rapidly absorbed by water, and will dis- 
appear in half an hour. The gas reniainijig in the 
jar will be nitrogen. Sink the plate beneatli the water 
of the pneumatic trough and remove it. Sink the 
cup to the bottom uf the trough; slide tlie jar on to 
the shelf, and transfer the nitrogen in tlie manner 
before deiscribed into another jar filled with water. 
This is to be repeated several times in order to 
cleanse tlie nitrogen from phosphoric acid. Nitro- 
gen may also be obtained by exposing fresh muscio 
to the action of dilute nitric acid. The nitrogen 
thus obt^ned will be contaminated with a little car- 
bonic acid, which may be removed by agitating it 
with lime water. 



Compounds of Nitrogm and Ottygen. 

litrogen forma with oxygen five distinct and 
important definite compounds, containing difforent 
proportions of oxygen ; namely, 

14 ports 8 form 22 Protoxide of nitrogen. 
14 .... 16 .... 30 Binoxide of nitrogen. 
l4 .... 24 .... 38 Hyponitrous acid. 

14 32 46 Nitrous acid. 

14 .... 40 .... 54 Nitric acid. 

The compounds afiord an excellent illustration of 
the laws of combination in definite proportions before 
spoken of. We see that the quantity of nitrogen 
remains the same, namely 14 or one equivalent, and 
that this quantity combines with 8, 16, 24, 32, and 
40 parts, that is, with 1, 2, 3, 4 and 5 equivalents 
or doses of oxygen. 
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Sitrogen ami Bydrognn. 

Amiiwiiia. Fourteen parts of nitrogen combmcd 
witli tlirec of hydrogen constitute ammonia, a gas 
having the same pungent odour as aaielling salts, or 
spirits of hartshorn. This has an aHiallne reaction, 
restoring its blue colour to litmus paper, which haa 
been tinged red by the action of an acid, and changing 
the yellow of turmeric paper to brown. 

Muriate, or more properly hydrochi orate, of am- 
monia ia emitted from volcanoe, but the quantity thus 
obtained is insufBcient to supply the demand. It km 
once obtained in abundance from the neighbourhood 
of the temple of Jupiter Animon, in Africa, and thence 
received the name of sal ammoniac. It is now made 
in this country in large quantities for manufacturing 
purposes. Of itself it is inodorous, but wlien mixed 
with quick-lime in a retort and heated, it gives out a 
gas of the same smell as that produced by the combi- 
nation of nitrogen and hydrogen. Water absorbs 400 
times its hiilk of this gas, and acquires some of its 
properties. Water thus saturated is called liqiud 
ammonia, and is the spirits of hartahom of commerce. 
On heating the liquid, the ammonia assumes the 
gaseous fonn, and flying off in the state of gas 
said to he rolatile. 

Ammonia is found in urine, (combined with a pecu- 
liar animal acid called lactic acid, and with phosphoric 
acid,) in the proportion of 19 parts out of 100 of fi-e^ 
urine. During the putrefaction of urine the urea and 
free lactic acid contained in it are likewise converted 
into ammonia and its salts. These volatile salts of 
ammonia constitute the great value of stable dung as 
manure, hy fumisliing plants with a supply of nitrogen, 
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This is one of the raost important nperattoiis of agri- 
culture, for though all parts of plants contain nitrogen 
in varying proportions, the seeds contain it lo the 
greatest abundance. ^Vithout nitrogen straw may be 
produced but no grain. It will bo shewn, hereafter, 
that in our present mode of applying farm-yard 
luanui-e, its moat valuable properties, — ^those contiwned 
in the iirine from stables and cowsheds — are all lost ; 
and that in this country, the benefits which might be 
derived from bunian urine, every pound of which is 
capable of producing a pound of wheat, are totally 
neglected. 

One of the principal distinctiona between animal 
and vegetable matter, consists in the much larger pro- 
portion of nitrogen which the former contains. When 
the recent muscle of animals is acted upon with dilute 
nitiic acid nitrogen is given ont abundantly. 

Before we proceed fiirther, let us pause to consider 
the opposite properties of these three gases, oxygen, 
hydrogen and nitrogen, in their separate state and in 
their comtinations. Oxygen is incouibustible, but a 
supporter of combustion; liydi-ogen is combustible, but 
extinguishes the flame ofacandle plunged luto it. These 
two gases when mixed in certain proportions, explo<Ic 
and form water, the most incombustible of bodies. 

Hydrogen and nitrogen are both poisonous if 
inhaled into the linigs, yet hydrogen enters into the 
composition of water so necessary to animid and vege- 
table life ; and nitrogen, mixed with oxygen in the 
proportion of 28 to 8, constitutes atmospheric air, 
without which neither of them can exist ; while com- 
bined with oxygen, eo essential to the life of animalH, 
in the proportion of 14 to 54, it produces a corrosive 
and destructive poison. 



34 MTBOGES AND HYDHOGEN. [l 

Nitrogen and liydrogen again, when pure, are per- 
fectly inodorous and neither of those substances hix 
the power of neutralizing acids ; but combint-d tiei 
form a gas of a peculiar pungent smell and possesar^ 
alkaline properties. 

C'Moriiin. 

Oxygen, hydrogen, and nitrogen, are gases pr* 
periy so called ; they cannot by any degree of oM » 
pressure be reduced to a liquid state. Chlorine imAt 
such circumatanccs is conTerted to a yellow liquid, 
and is therefore a gaseous vapour. 

Chlorine may lie obtained from hydrochloric (nani- 
atic) acid, which is a compound of chlorine and lij- 
drogen, by the following process. A tubulated gl» 
retort, that is a retort having a glass stojjper to it, 
capable of holding about a pint, is to be nearly Imil 
filled with black oxide of manganese. The beak iif 
it being placed just under the hole in the shelf oi 
the pneumatic apparatus, and the body of the retort 
supported on a retort stand with a sliding ring, which 
may be adjusted to different heights, — as much hy- 
drochloric acid is to be gradually poured in througli 
the stoppered hole, or tubulure, by means of a ^asB 
or carthenwai-e funnel, as will reduce tho manganese 
to a tliin paste, and by shaking tho retort the acid 
and manganese are to he thoroughly mixed. Having 
Bow inserted tho stopper, place a bottle filled mth 
water (the wat«r must be warm, for cold water ab- 
sorbs chlorine) over the hole in the shelf. Towards 
the close of the operation, it may be necessary la 
Kpp\j heat to the retort, by means of a spirit lamp, 
Imt in the first instance chlorine will bo disengaged 
without heat. Bubbles will Ije seen to rise through 
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the water, and to ascend Into the bottle. The first 
tliat cornea ovor will consist ol' the common air which 
was contained in the retort, and may Ik- suflered to 
escape or rather should be collected in a separata 
bottle, lest any chlorine should escape at the samo 
time into the room, as it is a noxious substance, 
producing a pernicious effect on tlie throat and hings, 
even when largely mixed ivitli atmoaplieiic air. This 
bottle is to be corked up, and taken into the open air, 
where its contents may be allowed to escape. yVnother 
bottle is then to be filled in the same manner vdth 
pure chlorine, wliich may \je known by the yellow 
colour of its vapoui'. 

During the process above described, ^mrt of tlie 
hydrogMi of the hydrocldoric acid unites with [lart 
of the osygcn of the oside of manganese and forms 
water, \iitli evolution of free chlorine. 

Chlorine possesses no acid properties ; — it neither 
has a sour taste, nor reddens Utmus paper, — and lias 
comparatively but a slight tendency to combine with 
acids. 

It has a powerful affinity for the metals, many of 
wliieh take tire spontaneously during combination ; 
though a lighted taper is extinguished when jilunged 
into a vessel of chlorine. Antimony reduced to powder 
and throwD into cldorine bums witli much splendour, 
accompanied by copious white fumes ; gold leaf burns 
in a similar manner, with a fine red light ; phosphorus 
also inflames spontaneously, burning with a pale flame 
much inferior in brilliancy to that produced by its 
combustion in oxygen. Tlie products of eombuatiou 
in chlorine are called chlorides. 

Chlorine possesses the property of destroying all 
animal and vegetable colours, and is therefore used 
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(principally iii combination with lime) for the piu-pose 
of bleaching linen and cotten goods. The process 
however requires much care in its apphcation, as a 
strong solution of clilorine or chldride of lime not 
only discharges the colour, but doBtroys the texture 
of the cloth. 

Clilorine and chloride of liine possesses another 
valuable property, that of destroying infection, and the 
effluvia arising from decaying animal and vegetable 
matter. The process of fumigation with chlonne is 
thus conducted. Saucers or otlier earthen pans con- 
taining a mixture for generating chlorine, wliich may 
either be the black oxide of manganese and munatic 
acid, or common salt (chloride of sodium) and sul- 
phuric acid, are to be placeil in the upper part of tlie 
room which it is desired to fumigate, as near the 
ceiling as possible, for chlorine is a heavy gas and miB 
sink to the floor. The operator having withdrawn, the 
doors and windows are to be closed till the evolution 
ceases. Thoy are then to be opened, and a cniTcnt 
of air allowed to flow through the room to carry off 
the chlorine; after which the process may be agaiu 
repeated till the room in considered sufficiently fumi- 
gated. Care must lie taken not to inhale the gas 
during the opei-ation ; and to prevent unpleasant 
effects from it, it is as well for the operator to hold a 
sponge saturated with a weak solution of ammonia 
folded in a handkerchief before his month and nostrils, 
as the ammonia will neutralize the chlorine and pre- 
vent its entering the throat. 

In the UHO of chloride of lime as a disinfecting 
agent, rage dipped in a solution of it are to be sus- 
pended in the upper parts of the room. Either process 
.may be used, but the first, though sometimes distress- 
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ing to the lungs when the chlorine is not removed by 
a current of fresh air, is the most effisctual. The 
mangers, racks, &c. of stables and cow-sheds in which 
the glanders or other infectious disorders have broken 
out, should be washed with a solution of chloride of 
lime. 

The well-known substance, common salt, or chlo* 
ride of sodium, is the chief constituent of sea water, 
is contained in many springs, and is found in most 
soils and in the ashes of plants. The chlorides of 
mercury afford a striking example of the difference 
produced in the properties of a compound, by a dif- 
ference in die proportions of the same elements, the 
protochloride is that valuable medicine calomel, while 
the perchloride is the deadly poison, corrosive sub- 
limate. 



SECTION III. 



DESCRIPTION OF THE SIMPLE BODIES 

CONTINUED. 



Chemical nomenclature — description of the non-metallic solids 
sulphur — ^phosphorus — carbon — ^silicon — metallic bases of 
the alkalies and earths — ^potassium — sodium — calcium — 
magnesium — aluminum. 

Chemical Nomenclature, 

I have before spoken of acids, and alkalies, and it 
will be as well in this place to explain by what proper- 
ties these two classes of bodies are distinguished. 

Acids are compounds, capable of combining with 
alkalies or earthy bases, and when in solution most of 
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them cither have a soui taste or redden litmnA' 
Many of tliem contain oxygen as one of their ingre- 
dients ; so many that it was once supposed, though 
erroneously, to be the only acidifying principle. 

When a substance forms with oxygen more than 
one acid, the termination ons is used to denote that 
which contains the least, and the termination ic to 
denote that containing the greatest portion of oxygen; 
thus we have sulphurous and aulphuriV, nitroMS and 
nitric, phosphoro?(3 and phosphoric acids. 

Alkalies have a peculiar pungent taste and neu- 
tralize acids, that is they combine with them 30 that 
the resulting compound lias neither the properties 0/ 
an acid nor an alkali ; they change some vegetable 
blues to green, and change to a reddisli brown, })a]ier 
stained yellow by infusion of turmeric. The blue colour 
of htinus paper which has been changed to red bv an 
acid is restored by an alkali. Tliis changing the 
colour of vegetable hues may be regarded as an effect 
too trivial to be made the foundation of a division of 
bodies into different classes, but it is of importance 
as a certain and easy test of the pi-esence or absence 
of certain peculiai' properties. 

Salts. The substances formed by the combination 
of acids nith alkahes and other bases are called salts, 
because most of them liave a saltish taste. The salts 
which have for one of their constituents au acid termi- 
nating in ic, are distinguished by the termination ate; 
those salts formed by acids containing a smaller por- 
tion of oxygen, and terminating in owa are distinguished 
by the termination He ; thus we have avi\\ihales com- 
posed of sulphur/c acid united with a base, and sul- 
\i\iitns composed of sulphm'OJM acid and a base; wo 
have mtraffs, phosphates and nitrify, aud phosph/fta, 
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in whicli the name at once indicates the base and tJic 
prnportion of oxyen in the acid with which it is united. 
Salts are generally disposed to the arraDgemcnt oF 
their particles in regular ionna called ciystallizattoa. 
and such regular forms are called crystals. 




The alkali, earth, or metallic oxide entering into tlio 
composition of a salt is called its fjas^, and the names 
of salts and all other compound bodies have been so 
arranged as to indicate their composition ; as for In- 
stance, sulphate of lime composed of sulphuric acid 
and lime, carbonate of soda composed of carbonic acid 
and soda. 

Oxides, Chhrides, ^e. Compounds of oxj;geu, 
chlorine, iodine, bromine and fluorine with each other 
and with other elements, such compounds not having 
acid properties, terminate in ide, as oxide of carbon, 
oxide of iron, chloride of sodium, bromide of phos- 
phorus, fluoride of calcium, iodide of mercury. The 
most numerous oxides are the combinations of oxygen 
with the metals. Some metals and other bodies com- 
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bino viiih oxygen in two or more proportions to pro- 
duce non-acid bodiea. In those cases tlie proportions 
of oxygen contained in each are denoted by uniting 
with the word the Greek nouns of number ; thus «e 
Iia^'e protoxides and binoxides (sometimes deutoxidra), 
signifying non-acid combinations of a base nith oxygen, 
which contain respectively one or two doses of thai 
element. In the same manner we have protochlorides. 
protiodides, bichlorides, biniodides, he. Peroxide, pe^ 
chloride, perioilide, &;c. denote those compounds of the 
metals and other bodies which contain the greatest 
quantity of oxygen, iSie. ivith which they can unite 
without producing acid properties; ss peroxide of iron, 
l)erehloride of phosphorus. 

Sulphur eti, Phosphurets, S;e. — The combinations of 
sulphur, phosphorus, carbon and seleniuni with one 
another and with the metals, as well as of the metals 
with one another, are disttngiushed by the termination 
isf^, as sulphuret of phosphonis, phosphurct of carbon, 
carburet of iron, arseniuret of cobalt; and tlie tcrnia 
Irisulphuret, bicarburet, &c. denote that such com- 
pounds contain twice as much sulphur or carbon as 
the simple sulphurets and carburets, called also pro- 
tosulphurets and protocarburets, - while the terms 
persulpliuret, percarburet, &c, are applied to combi- 
nations containing the greatest quantity of sulphur, 
carbon, &c. with whit-h the bodies composing those 
compounds can unite. 

The basis of this nomenclature or system of names 

^^-as laid towards the close of the last century by 

four celebrated French chemlsfa, Lavoisier, Berthollet, 

Guyton Morveau, and Fouieroy, and has since been 

tended and modified to keep pace with the advance 

; science. Its value is immense a.s an aid to 
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the memory with respect to the conipoBition of bodies, 
which it indicates with precision, the first name point- 
ing out the genus, and the second the species to which 
the compound belongs. It has therefore superseded 
abnost all the names previously in use, and though some 
substances, from their importance and the common 
purposes to which they are applied, have retained the 
ancient names, yet they have also scientific names in- 
dicating their composition ; water is oxide of hydrogen, 
calcium oxide of lime, calomel protochloride of mercmy, 
corrosive sublimate percbloride of the same metal. 

Having now described oxygen, hydrogen, and ni- 
trogen, three gases which are of such great importance 
in the animal and vegetable kingdom, and the gaseous 
vapour cblorine, and having explained the names used 
in chemistry, I shall proceed to those non-metallic 
solids, and those metallic bases of the alkalies and 
earths which enter into the composition of soils and 



NON-METALLIC SOLIDS. 

Sulphur, 

Sulphur, 01" brimstone is known to evejy one. 
It is insoluble in water, burns with a blue flame, and 
during its combustion, combines with oxygen and 
forms fumes which are pungent to the smell, and acid 
to the taste. These consist of sulphurous acid. If the 
Mr, or oxygen, in wluch they are burned be perfectly 
dry, no other acid is produced ; but if moisture be pre- 
sent, sulphuric as well as sulphurous acid is generated. 
These two acids differ in the proportions of oxygen 
which enter into their composition, aul^hurovis w!,\4 
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containing six and sulphuric aeld twenty-fonr parts of 
oxygen. 

Tlie most important sulphates to the agrlculturiat, 
are, the sulphate of ammonia, a powerful manure fof 
crops requiring much nitrogen; sulpliate of lime, VfioA 
produces on certain soils luxuriant crops of clover, b- 
cem and other plants, of which it forms a constituent; 
and sulphate of magnesia, the well-known medicine^ 
Epfiom salts, which may be used with advantage as a 
manure, in a manner which will be described hereafl^. 
The sulphate of the protoxide of iron may also bf 
mentioned on accmmt of the injurious effects which it 
exerts on vegetation when present in the soil, and the 
necessity of decomposing it by means of lime. Its 
presence may be lmo\vn by the rusty red deposit formed 
in ivater which drains from the soil. 

Phosphorus. 

This is a substance wliich may be seen in almoGt 
every chemist's shop, and is well known from lis 
property of taking fire by slight friction, or even by- 
exposure to the air. Hence the necessity of keeping 
it in close vessels tilled with water. Its eombinatioitf. 
with oxygen produce the phosphorous and phosphoHUL 
acids. Phosphoric acid is a constituent of all fertile 
soils ; and phosphates enter into the composition rf- 
all plants. The phosphates of lime and magnesia ai*; 
most abundant in the seeds, particularly of corn, and' 
are cont^nod in the bones, and liquid and solid cxcra- 
ments of men and animals. From some experimeidS' 
made by Sprcngel, phosphate of iron in the smI 
s to be the cause of the red rust by which tfaa 
Aw of wheat and barley is affected. 
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^^H^When wood is exposed to a fed heat in dose 
f ressels, so aa to exclude tbe air, it is converted into 
charcoa], a hm'd, light and brittle substance, insoluble 
in water, little affected by any of the acids or alka- 
lies, little subject to change from expoeiu^ to raoisture, 
and supporting tbe most intense heat which chemists 
have been able to apply, witliout undergoing alteration. 
provided only that air be excluded. 

When set on fire, in contact with air, charcoal 
bums away, leaving a small quantity of ashes, (abotit 
one fiftieth of its weight,) which coi^ist of potassa, 
earthy salts, and metallic oxides. These are impiui' 
ties foreign to the real matter of cliarcoal, which is 
the carbon of chemists, and which, strange as it may 
appear, is identical in properties with the diamond. 

Charcoal, fresh made and perfectly dry, has the 
property of absorbing gases in large quantities, and 
giving them out again when immersed in water. It 
is probably to this quality that it owes its efficacy in 
removing the taint from meat in an incipient state of 
putrefaction, and of sweetening putrid water. It is to 
the same property of absorbing gases, particularly car- 
bonic acid, that its capabiUty of affording nutriment to 
plants may be ascribed. When charcoal is burned in 
oxygen the combustion is attended with intense heat 
and light : the carbon and oxygen combine, and car- 
bonic acid is the prodiict. 

Oarbomc acid is likewise the result of the combus- 
tion of charcoal in atmospheric air, with the oxygen cl' 
vhich it combines. 
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Cai-hoaie Acid, 
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The decomposition of wood and vegetable fibre mij 
Ite regarded as a slow species of cooibustion, durli^ 
which the combination of its carbon with oxygsi is 
effected, producing carbonic acid; and it will be ahetn 
hereafter that plants derive their carbon from the 
carbonic acid of the atmosphere, which the)- have 
the power of decomposing, and that they retain tie 
carbon, and restore the oxygen to the atmospfaerG. 
Animal bodies also contain carbon ; and carbonic acid 
is one of the products of their decomposition. Qia- 
bonic acid may be easily procured by submitting car- 
bonate of lime (common limestone, chalk or tnaihle) 
to the action of an acid which has a greater affinity 
for the lime than carbonic acid has. If the beak of 
the retort in which the carbonic acid is generated, be 
plunged into a vessel of lime water, it will comlnoe 
with tlie lime diasolved in the water, and reproduce 
carbonate of lime, wliich will be disseminated througb 
the water in white clouds, and finally settle to tie 
bottom of the vessel. The crust, like thin ice, which 
forms on the siuface of a vessel of lime water exposed 
to the air, consists of carbonate of lime, formed by the 
lime combining with carbonic acid, derived from the 
atmosphere, which always contains a small portion of 
that gas. 

This property of producing a precipitate in lime 
water aflbrds a test by which the presence of carbonic 
acid may be detected. Carbonic acid is heavier than 
atmospheric air, and may be poured from one vt 
to another like water. This property causes it to 
accumulate at the bottom Df wcUs and caverns, when 
exhaled from the earth, from which it issues in vast 
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quantities, particularly in the vicinity of vote&Dos. If 
a burning taper be plunged into a jar of carbonic acid, 
it ivill be extinguished. C'arlranic acid likewise pro- 
duce.s death when receive<l into the lungs; hence the 
fatal effects which have resulted from burning cliarcoal 
in close apartments, or from descending into wells and 
drains in which carbonic acid has accumulated, or 
into vats in which the process of fermentation has been 
conducted. It is usual, before descending into such 
situations, to take the precaution of first letting down 
a lighted candle, to ascertain the presence of carbonic 
acid, commonly called " foul air," or choke damp ; but 
this feat is not always to he relied on. for when suffi- 
ciently diluted with atmospheric air to prevent its 
extinguishing the flame it is still fatal to animal life. 
The best mode of removing the carbonic acid from 
such situations, is to throw doivn thirty or forty paiL> 
fidl of water, by which an agitation is produced in 
the column of air, causing the heavy carbonic acid 
tliat lies at the bottom to rise and be can-ied off, 
A quantity of quick lime added to the water will 
more effectually remove the noxious gas, by entering 
into combination mth it. 

During the process of lime-burning, carbonate of 
lime is decomposed by means of heat and carbonic 
acid driven off. Hence the fatal effects which have 
resulted from persons incautiously lying down to sleep 
near lime kilns. 

The refreshing quahties of spring water arise from 
tlie presence of carbonic acid, of which water absorbs 
spontaneously its ovra hulk, and may be made by pres- 
sure to take up much larger quantities. Water thus 
treated sparkles and effervesces under the ordinary 
pressure of the atmosphere, and is tlie well-known 
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beverj^ named Boda water. Water impregnated with 
carbonic acid is deprived of it by the process of boilii^ 
or freezing. Carbonic acid is aJso generated during 
tlie process of fermentation ; its presence imparts tLar 
briskness to bottled beer, eyder, and champagne, and 
occasions the Hghtness or sponginesa of bread. 

There is another compound of carbon with ox^jen, 
which contains a smaller proportion of oxygen th«n 
carbonic acid, and is known by tiie name of carbonic 
oxide, it extinguishes flame and is as fatal if respired 
as carbonic acid, but dif^rs from that gas in many of 
its properties. It is combustible, burning with a blue 
flame, is not acid, and is not absorbed by lime water. 

The combustibility of the diamond, suspected by 
Newton, was proved by Lavoisier, who effected ito 
combustion in a vessel of oxygen by means of the 
rays of the sun, concentrated by a powei-fid lens. The 
product of the combustion was carbonic aeid, and the 
same results have since been obtained by many other 
eminent chemists. Like carbon also, the diamond 
when heated, in contact with iron, converts it into 
steel. The identity of carbon and tlic diamond is 
tima completely established. 

Oompounds of Carbon and Hydrogea. 
Carbon and liydrogen luiite in several different 
proportions. The fire-damp, which occasions such de- 
structive esplosioiis in collieries, is carburettod hydro- 
gen; the gae with which our streets are lighted consists 
of bicarburetted hydrogen, mixed vrith carlmretted 
hydrogen, hydrogen, and carbonic oxide. This gas 
jirocured for economical purposes, by distilling coal 
out of contact with the air in iron retorts, and collect- 
ing the gaseous products in a large vessel inverted in 
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water, called a gasometer, which is merely the pneu- 
matic trough on a large scale. The other products of 
this distillation are tar and an ammoniacal liquor which 
are condensed by passing them through pipes immersed 
m cold water. The relative quantity of these diiferent 
products obtained depends much upon the nature of 
the coal, and the degree of heat employed, a slow Iieat 
giving much tar and httle gas ; and a quick heat pro- 
ducing much gas of a better quality and hut little tar. 
Gas nearly similar is also prepared for illuminating 
purposes hy the decomposition of oil and resin. 

Coal is mineralized wood; and if wood or other 
vegetable matter in general be exposed to heat in close 
vessels, so as to exclude the air, nearly the same pro- 
ducts will bo obtained. It will be resolved into its 
iiltimate elements, carbon, hydrogen, oxj^n and ni- 
ti-ogen, the last in the smallest quantity ; and the union 
of these elements diu-ing this process, which is called 
destructive distillation, produces hydrogen, carburettcd 
and bicarburetted hydrogen, carbonic oxide and car- 
1x)Dic acid. 

The experiment may very easily be made on a 
small scale with a tobacco-pipe — (one of those long 
Dutch pipes witli a large bowl answers best) — filled 
with the sawdust of green wood ; let the bowl be then 
stopped with clay, and after the clay is well dried, let it 
he ineerted in the fire; as the sawdust becomes heated, 
the water which fonns the principal part of its juices, 
will come over in the form of vapour, and will drop 
from the end of the pipe if it is kept cool ; as the pro- 
cess proceeds this water will be found to have an acid 
reaction on test paper, from the presence of acetic acid. 
Soon afterwards a gas will issue from the pipe, which 
will be inflamed on the application of a Ughted taper. 
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will bum witb a light yellow flame ; or it maybe 
collected iu a flaccid and moist bladder fi-otu whieh tlif 
air lias been exjielled by squeezing it, or in a small 
tulre closed at one end, filled \vith water and invwted 
in another vessel of water, so as to form a small 
pneumatic apparatus. 

^^k VompoKiidi of Carbon and Iron, 

^^idtrbon and iron uuite in various proportions. The 
Uiree most important carburets of iron are firapMtf 
(commonly called plumbago and black lead), raat-irm 
and eteel. 

Graphite conlains from 4 to 10 per cent, of carbon; 
tt occurs as a natural production, and may he formed 
artificially by exposing iron nitli excess of charcoal to 
a long continued heat. Like carbon, graphite remaiu 
unaltered by long exposure to beat in close vessels, bat 
heated in contact with the air, or oxj'gen, its carlxw 
is converted into carbonic acid, and oxide of iron 
remains. Its chief use is for making black lead 
pencils and crucibles, for presen'ing iron from 
and diminishing the friction of machinery. 

Cast-iron is iron as extracted from its ore in tlie 
pi'ocess of smelting ; it contains from 3 to 5 [ler cent. 
of carbon, and is contaminated by various impurities, 
such as imdecomposcd fragments of ore and several 
earthy matters. Cast-iron is by no means uniform in 
its quality, and is particularly distinguished into two 
kinds, the white and the pi'aff, which appear to diflbr 
not so much in the proportion of carbon contained iu 
them, as in the mode of its combination, 

>Vbite cast-iron is very haid and brittle ; the gray 
is softer and more tenacious. The white may be con- 
certed into the gray by being slowly cooled after es- 



SECT. 111.] COMPOUNDS OP C\BCON. 49 

posure to a strong licat, and the gray may be cliaiiged 
into wliite east iron by the opposite proceas, namely, 
by being heated and rapidly cooled. 

Wrought iron is the fused metal rendered malleable 
by being deprived of its carbon. Thb is efieeted by 
exposing it to a strong heat, while a current of air 
plays upon its surface, by viiicli means its carbon i» 
oxidized. The iron at length loses its fusibility, and 
I)ecome3 solid; after which its particles ai-c approxi- 
mated, and its tenacity increased by the operations of 
rolling and liamniering, 

St-ed is prepared from malleable iron by the pro- 
cess called cementation. This consists in exposing tlio 
purest iron and powdered charcoal, arranged in alter- 
nate layers, to a red heat for several days, access of 
atmospheric air being carefully excluded. The iron thus 
gradually combines with from 1.3 to 1.75 per cent, of 
carbon, and becomes blistered on the surface. Steel is 
also formed by exposing heated ii'on to a cmTent of 
coal gas, when carbnrettcd hydrogen is decnm])08ed, 
and its carbon entera into combination with the iron. 
Steel is harder, more comjjact, and more sonoi-oiis than 
iron, and susceptible of a higher polish, though less 
ductile and malleable. It is capable of fusion, but 
less so than cast iron. Cast steel is of a more uni- 
form textm-e and closer grain than common steel. 

Wrought and cast n-on and steel are substances of 
such importance in agricultural operations that theif 
names are familiar to eveiy one, though few are aware 
in what their diiference consists. I have therefore 
thought tliat this brief notice of them would not be 
iminterestmg, or misplaced ; though, had it been my 
intention to describe the metals, they would have been 
jnorc appropriately mentioned under the head of iron. 
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When i-ock crystal or common flint, after exposure 
to a strong heat, is thrown while red-hot ijito waier. it 
may be reduced to a light white powder, which feeb 
gritty to the touch, and is destitute of taste or odour. 
This is silicic acid, called also silica, and siliceous 
earth. It may he procarod in sufficient purity for 
most purposes by treating transparent rock crystal ia 
the manner above described ; fusing the powder thus 
obtained in a crucible with dry carbonate of potass, 
dissolving the fusctl mass wheit cold in dilute muriatic 
acid, and filtering and evaporating the solution to 
dryness. After washing the product of evaporation 
first with dilute muriatic acid, and then frequently 
with water, dry it, and pure silicic acid will be o^ 
tained. Pure silicic acid is infusible by itself, exc^ 
before a stream of the mixed hydrogen and oxjgai 
gases, known as the oxy-hydrogen blo^vpipe; it is 
insoluble in water, except when in the nascent state, 
that is, when in the act of liberation from some tt 
he compounds, and then water dissolves it in large 
quantities. On evaporating the solntion a bulky gt- 
htinous hydrate separates, which cannot be deprived 
of aU its water except by a red heat. 

When Sir Humphrey Davy was conducting hn 
experiments for the decomposition of tlie earths and 
alkalies which have been already noticed, and wiU 
he hereafter more particularly described, he proved 
that silicic acid consisted of a combustible base tnuted 
with oxygen; for on bringing pure silicic acid heated 
to whiteness in contact with the vapour of potassiuBii 
a silicate of pota.s.sa was formed, through which were 
difiiiRcd brown particles resembling plumbago. To 
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these, nn the sappoeition of their being metallic, he 
gave the name of Bilicium. Seeing however that it 
was destitute of the metaQie lustre, and was a. non- 
conductor of electricity — thus wanting two of the most 
characteristic properties of a metal — Dr Thomson 
classed it among the non-metallic solids under the 
name of silicon. And the subsequent researches of 
BerzeHuB may be regarded as decidedly in favour of 
these views. 

Silica. — The acid properties of sihcic acid are, it 
is true, very feeble. It has no action on test-papers, 
hut, aided by the action of heat, it enters iuto combi- 
nation with the alkalies, and displaces carbonic acid 
nith effervescence from theii- carbonates. In its com- 
bination also with the earths and metaUie oxides 
it performs the part of an acid to which they act 
as bases. These compouudB are known in modem 

. chemistry by the name of silicates. 

Silicates. — The properties of the silicates of the 
;Jkaliea vary with the proportions of the ingredients 
employed. Glass is a silicate of potassa, composed of 
three parts aUex and one part of alkali. The various 
^pearances and properties of different kinds of glass 
arise from differences in the purity of the materials 
employed. Bottle-glass is made from coarse kelp or 
pearl-ash and river-sand, which contains sufficient iron 
to impart to it its olive-green colour. Window-glass 
is made from purer alkah and sand ; plate-glass from 
the purest form of silex and alkali. A considerable 
quantity of red lead, or litharge, is added to ffint-glass. 

I Peroxide of manganese is sometimes used to oxidise 
the carbonaceous matters contained in the materials 
employed. 

When the proportions arc reversed, and oi\y ^^^ 
a- 
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of silicic acid is fused with three parts of carbonate n( 
potassa, tlie result is a silicate of potassa soluble 
water. By these means siliceous minerals are Ijrougiil 
into a state of solution for the purpose of analysis, 
and of preparing pure silicic aj^id according to the 
process described in tlie last paragraph. 

Silicic acid constitutes almost the whole of tlie 
minerals known by tlie name of flint and quartz, or 
rock-crystal; it is an abundant constituent of many 
rotks, and forms the chief portion of aJl sandy soils, 

Presence of Silica itt Plants. 
Silicic acid enters largely into the compo^tion of 
many plants, particularly the grass tribe. It ia nmsl 
abundant in the glossy suifaee of canes and reeds and 
other grasses, and also in the husk of their seeds. Oats 
contain a larger proportion of silica than any other kind 
of com. If two canes be rubbed together in the daii, 
they emit light like that obtained by the friction rf 
quartz pebbles. Liunpa of a substance called iahaslim 
containing 70 per cent, of pure silicic acid, and vei^ 
much rescmliling the mineral called opal, is found ia 
the stem of the bamboo near the joints. It is 
deposited on the steniB of some species of the eqiu- 
setum, particularly that called Dutch reed (eguisetiM 
hyemale), which from tins cause derives its utility ai 
polishing material. In the ashes of a burnt liay 
eom-rick semi-vitreous masses of silicate of potassa 
may be found, derived from the silica and jvotassa 
abounding in the straw. 
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Chemist.') had failed in all their attempts to de- 
eorapose the alkalies, soda and potassa, &e., until the 
year 1807, when Sir Humphrey Davy by exposing 
them to the action of a powerful voltaic battery proved 
them to be compounds of oxygen with certain peculiar 
metab, to which he gave the name of potassium and 
sodium. By the same means he shortly afternai-da 
succeeded in decomposing the earths, hme, alumina, 
&e., till then considered elementary bodies, and he 
demonstrated that they likewise weie metallic oxides- 
Potassium has since been ohtamed hy other pro- 
cesses, but they are all too difficult for any but an 
experienced chemist. Those, however, who wish to 
examine its properties, may purchase it of the opora- 
tive chemist at the rate of about a penny the grain. 
It is a metal, in colour and lustre much rcaembling 
mercury, solid at the ordinary temperature of the 
atmosphere, and so soft that it may be moulded with 
the fingers. It is lighter than water. One of its most 
remarkable properties is its strong affinity for oxygen, 
which is so great that it can only be preserved in the 
metallic state' in glass tubes hermetically sealed or im- 
mersed in liquids, such as naphtha, of which oxygen 
is not a component. Heated in contact with air it 
fakes fire and bums with a purple flame. When 
thrown into water it swims on the surface, abstracting 
oxygen from the water with evolution of such intense 
heat, that the potassium is inflamed and burns with 
a brilliant light ; and the water in which the oxide of 
potassium is dissolved acquires alkaline properties. 
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Poiaisa. — There are two oxides of potassium: the 
protoxide, formed wlien potassium is thrown into water 
or exposed at the common temperature to air or osj- 
gen ; and the peroxide, the result of the combnstion 
of potassium in air or oxygen : it contsina three times 
SM mucli oxygen as tlie protoxide, Caustic po 
a hydrate of the protoxide, or combination of the pro- 
toxide with water, is prepared from the peai-1-ash 
conmfierce. It is highly deliquescent, caustic, destroy- 
ing all animal textures, of an acrid taste, and highly 
alkaline in its properties, converting vegetable bines, 
except litmus, to green, neutralizing the strongest 
acids, and changing vegetable yellows to brown. P(f- 
tassa combined with certain acids is found in vanoue 
proportions in the aslies of most plants. 

Potassa is also a constituent of the mineral ctSei 
felspar, one of the ingredients of granite ; and as clay 
is formed of decomposed felspar, clayey soils abotmd 
in potassa. It is this circumstance which xeaiea 
them so favourable for the cultivation of wheat, vrfiicli 
contains more potassa tlian either barley or oats; and 
hence the value of salts of potassa on light lands, bj' 
supplying their deficiency in that substance, and of 
wood-ashes, which contain potassa. 

Sodimu. 

Is a metal similar in ap^jcarance to potasfdum. 
It oxidizes by exposure to tlie atmosphere, thon^ 
less rapidly than potassium, and, like it, must be pre- 
served in naphtha. When thrown into cold water 
it efien'esees violently, but does not inflame (except 
in hot water), and gradually disappears, converting 
the water into a solution of soda. 
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Soda. — There aie two oxides of Boda formed 
under the same circumstances as those which ^ve 
rise to the protoxide and peroxide of potassa. The 
caustic soda of cliemi&tB is the protoxide, Id comlri- 
nation witli water, and is analogous in its proper- 
ties to proto-hydrate of potassa. Salts of soda exist 
but sparingly in the ashes of land-plants ; btit they 
abound in those of sea-weeds, and of plants that 
grow near the sea, or withiii the influence of brine 
springs. In those species of plants, however, whicli 
abound in salts of soda, when growing in such situa- 
tions, the soda is replaced by potassa when tliey are 
grown in situations beyond the intiuence of the sea. 
Soda is largely prepared from the kelp and barilla 
of commerce, which arc the ashes of burnt sea-weeds. 
The former is manufactured on the coasts of Ireland 
and the western islands of Scotland, the latter on 
the shores of the Mediterranean. Soda is also pre- 
pared on a lai'ge scale by decomposing common salt 
or chloride of sodium by means of sulphuric atnd. 
The aikahes have the property, when combined with 
oil or fat, of rendering them soluble in water, and 
large quantities of them are consumed in the manu- 
facture of soap. 

Calcium. 
In decomposing the earths with the galvanic bat- 
tery Davy encountered greater difficulties, and was 
compelled to have recourse to a more complicated 
process, than in the ease of the aikahes. By these 
means he succeeded in obt^ning the metallic baae 
of lime, though in such small quantities that its pro- 
peities are but little known. It is a while metal of 
moderate lustre, which on being heated in contact 
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with ox\-gcii takes fire and forms an oxide, which 
linie. 

Lime. — There are two oxides of this metal: t 
protoxide, known by the name of lime or (juick-Ume, \% 
obtaioed fi-om chalk and Untestone by the well-known 
process of lime-burning. For chemical pnrpoaee, 
where great purity is required, it is prepared from 
Carrara marble, or that clear \'ariety of crystallized 
carbonate of lime knon-n by the name of Iceland spar. 

Lime or protoxide of calcium is a brittle, white, 
earthy solid; it is one of the most infusible of the 
earths, yielding with difSculty to the oxy-hydrr^eo 
blowpi])e. Water poured upon lime enters into com- 
bination with it, accompanied by a great increase of 
temperature. This process is the common operation 
of slaking lime; and the hydrate of linie thus pro- 
duced is slaked lime. 

The hydrate is soluble in water, and ha.s an acrid 
taste, neither of which properties are possessed by pore 
lime. It is more soluble in cold than in hot water. 

Lime-water, which has before been spoken of aa a 
test of the presence of carbonic acid, is prepared by 
agitating quick-lime repeatedly in water, and setting 
it aside in a wcU-cIosed bottle, tUl the imdiseolved 
jiarts have subsided. This solution lias a strong alka- 
line reaction on vegetable colours. 

Lime is a most abundant earth in nature. It has 
Ijoen estimated that carbonate of lime constitutes one 
eighth of the eutire crust of the globe. Though the 
rarlKinate is sparingly soluble in water, it is dissolved 
by carbonic acid in excess. The spring water there- 
fore of calcareous districts always contains carbonate 

me, which is deposited when the excess of carbonic 
B expelled by boiling. The crust, or fur formed 



SECT. III.] I.IMK — MALINEBIUM. 57 

in tea-kettles is carbonate of lime, deposited from thiy 
eaiiee. Spring water also frequently contains the sul- 
phate and hydi-ochlorate, aa well as the carbonate of 
lime. 

Lime is the earth most generally present in the 
ashes of plants, particularly in the form of the car- 
bonate. In the stems of some species of the charf, 
a family of aquatics, carbonate of lime is so largely 
deposited that thpy are invested with a stony covering. 

Maffiicsluni. 

The carbonate and sulphate of magnesia, the latter 
generally known as Epsom salts, are extensively used 
in medicine. Oxide of magnesium, or magnesia, is 
obtained by exposing the carbonate to a strong red 
heat, by which its carbonic acid is driven off, Davy 
proved the existence of magnesium as the base of thi.'i 
earth, and Bussy and Ltebig have since obtained it 
by the action of the vapour of potassium on chloride 
of magnesium. The metal thus obtained has a bril- 
liant mefallic lustre, and in colour resembles silver. 
It oxidizes slightly in moist air, not at all in dry air, 
and may he boiled in water without being decomposed. 
Magnesia is the result of the vivid combustion whicli 
takes place when it is heated in air or oxygen gas. 

Magnesia. — This is the only known oxide of tlie 
metal. Like lime and alumina it emits a brilliant 
white phosphorescent light when strongly ignited. It 
IB a light, white, friable powder, tasteless and inodor- 
ous when pure ; it combines with water like fime, 
though with a less (jowerfid affinity. The hydrate is 
s|)aringly soluble in water ; the solution does not 
change the colour of vegetable blues; but pure magnesia 
laid upon moist ttu'meric paper produces a brown stain. 
3—5 



^^B MACNCEIUAf. [rxBTI. 

Mftgnmia was ronucrly obtained trfoa sea-crater. 
After being sufficiently boiled down, if it l)e mtial 
with pearl-a^ a white |x>wder subsides, which, afiei 
being thoroughly washed, is carbonate of magneak 
whicli has derived its carbonic acid from the csAo- 
natcd a]kal! employed. It is now generally prcfaicJ 
from a mineral callod ma^eslan limestone, consHim 
of the carbonates of lime and magnesia. 

Sulphate of magnesia is made by digestiag tlw 
limestone in sulphuric acid. The mineral called ser 
jientine, whicli contains from 37 to 38 per cent, of 
magnesia, and not more than 10 per cent, of limi' 
is found to answer I^ettcr for this purpose, as oca- 
sinning less wasto of sulphuric acid by conversion into 
sulphate of lime. 

The stone with which the new bouses of jarf*- 
mcnt are being built is magnesiuu bmcstone, from the 
county of Durham. It contains about 30 per coil, 
of lime, 21 of magnesia, 47 carbonic acid, and I 
oxide of iron. Some varieties of magnesifm limestoJK 
have the property of forming a cement which eett 
under water. As a manure it requires to be apj^ed 
in smaller quantities tlian the lime prcfmred from 
common limestone. 

Phosphate of magnesia is found in the uhn a( 
certain plants, particularly the seeds. 

Aluttiiiinm. 

Davy inferred that almuina was a compound of 
oxygen with a metaUic body, from the effects pro- 
duced when pm-c alumina heated to whiteness was 
brought into contact with the \apour ( 
and the metal has since been procured in t 
of a gray powder, very similar to that of plai 
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It requires for its fusion a liigher temperature 
than that at which cast iron melts. Water has but 
little action ou it at common temiieratures ; but when 
heated to the boilmg point it producer slight oxida^ 
tion. When exposed to & red heat in oxygeu it 
bums with a vivid light, and the result is white 
aluminous earth of considerable hardness. 

Alvtidna. — There is but one known oxide of this 
metal. With respect to its composition, there is some 
dtfiereoce of opinion ainoag chemists. It is geuerall^' 
supposed however that idumiuum combines in the 
proportion of two equivalents of the metal to three 
equivalents of oxygen. Alumina mil therefore be a 
Besquioxide containing one equivalent of aluminum to 
one equivalent and a half of oxygen. Pure alumina 
is tasteless and inodorous, but exiiales a smell knotvn 
as the " earthy'" when breathed upon. This arises 
irom the presence of ammonia which it has absorbed. 
It is quite insoluble in water, but combines with it 
with great avidity, and will not part with it after 
being moistened except at a full white heat. It is 
this affinity for water which causes it to adhere to 
the tongue, and to form, when mixed witli a sufficient 
quantity of water, a tenacious mass capable of being 
moulded into any form; a property which renders it 
of so much utility in the manufactmo of pottery. 
Alumina is one of the moat abundant earths in nature, 
being an important ingredient of the granitic and 
slate rocks, and constituting the bulk of all clayey 
soils, which result from the decomposition of those 
rocks. But though clay, or hydrate of ^umina, is 
so abundant, it rarely occurs in a state of purity, 
being mixetl with siliceous and calcaieous earth and 
with oxide of iron, from the last of wliich burnt 
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clay derives its red colour. Marl ie a mixture of clay 
and (^careous matter ; loam is a mixture of clay onil 
sand. 

Though the most common form of alumina is that 
of coarse, soft, and shapeless clay, yet in its erjstal- 
line state it constitutes the ruby and the sapphiie, 
which next to the diamond are two of the hardest 
and most valuable of precious stones. Corundum, or 
emery, which is so hard as to be used for the polishJi^ 
of geuLs, contains about 80 per cent, of alumina. These 
facts will appear less extraordinary after the identity 
which chemists have established between the diamond 
and carbon. 

Alumina appeai-s to act both as an acid and a base. 
In the minerals above mentioned it is seen under the 
i'ormer chmacter, and they are therefore called alumi- 
nates. It constitutes however the base of some sails. 
Sulphuric acid forms with it sulphate of alumina, and 
with alumina and potassa the well-known salt called 
alum, a double sulphate of alumina and potassa. It 
is manufactured in large quantities at "Whitby m 
Yorkshire from alum-slate, an argillaceous shale 
higlily charged with sulphuret of iron. On roasting 
this its sulphur is converted into sulphuric acid, whicli 
imites with the alumina and potassa present in the 
shale. This salt is separated from the mass by 
lixiviation, or washing witli water, and purified from 
the iron mixed with it by repeated crystallization. 

From this .salt alumina derives its name. Alu- 
mina may he prepared from alum by the following 
process : Alum proved to be free from iron by dis- 
solving in a solution of pure potassa, without residue or 
Aout the presence of brown flocks, is to be dissolved 

four or five times its weight of boiling water; 
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I slight excess of carbonate of potassa is to be added, 
md after digesting for a few minutes, the bulky hy* 
Irate is to be collected on a filter, and well washed 
^th hot distilled water. The alumina however is so 
retentive of the alkali that it cannot be separated by 
the action of water. The precipitate must therefore 
be re-dissolved in dilute hydrochloric acid, and pre- 
dpitated by pure ammonia or its carbonate. This 
preciptate, after exposure to a white heat, will be 
pure anhydrous alumina, or alumina uncombined with 
water. 



SECTION IV. 

PROXIMATE CONSTITUENTS OF ORGANIC 

BODIES. 



l^roximate constituents of plants — compounds containing 
oxygen and hydrogen in the proportion in which they form 
water — woody fibre — gum — starch — sugar — compounds in 
which the proportion of oxygen is greater than in water — 
vegetable acids — compounds containing hydrogen but no oxygen 
— ^resins — volatile oils — wax — camphor — balsams — caoutchouc 
' — other proximate constituents of plants — ^vegetable alkalies 
— ^proximate animal constituents — bones — cartilage and gelatine 
— muscular fibre — ^albumen—- ozmazome. 

Plants. 

Notwithstanding the immense variety of organic 
bodies which constitute the animal and vegetable king- 
doms, they are composed for the most part of four 
elementary substances, oxygen, hydrogen, carbon, and 
nitrogen. The thi'ee former are the principal constitu- 
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ents of plaote. which contain nitrogen in but small 
proportions, white that clement and carbon enter moat 
exteneivelj into the composition of animals. Ibe 
vegetable kingdom is the primar}- source whence man 
and animals derive their nutriment. Inorganic sub- 
stances, on the other hand, supply the means of growth 
and nourishment to plants. 

Carbon enters into the composition of all plants, 
and of all their parts and oi^ans. 

1. The greater portion of every vegetable con- 
sists of carbon united with oxygen and hydrogen in 
the proportion in which they combine to form water ; 
such are woody fibre, gum, and sugar. 

2. In other compounds contMning carbon, oxygen 
and htfdroffen are Resent, hut the proportion it ffreaUr 
than that in which they form water. Most of tlie 
organic acids are of this class. 

3. ITie volatile and fixed oils, was. and reaia=: 
contain cai-bon and hydropen, hut no oirygen. 

The juices of all vegetables contain oi^anie acidt 
combined with hiorganlc basei and metallic oxides. 
These bases exist in every plant and may be detected 
in their aahea after incineration. They appear in the 
ashes in tlie form of carbonates; for all salts of organic 
acids yield carbonates by incineration ; and when on 
the addition of an acid to the ashes of a plant effir- 
vepcence takes place, it may te regarded as a proof 
that its alkaline and earthy bases were united in the 
living plant with organic aciiii. 

Nitrogen exists in every part of vegetable structure, 
IB found in the largest proportion in vegetable alhwne* 
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and (ih/m ; and is a constittieat of acids, of tlie iodif- 
fereut substances of plauts, and of those peculiar 
vegetable compounds which combine like metallic 
oxides with acids, and are known as organic hates. 
It forma only a small part of plant, but is never 
entirely ^isent from them ; and when it does not 
enter into the composition of a particular organ, ia 
always found in the juices wliich pervade it. 

I'l^lahk Coitipouihds of Carbon with Oxygen and 

Sydroeien in the proportion in lohiri they form 

water. 

Lignin or vefjetabte ^bre. — When a vegetable of 
any kind is boiled for a length of time in water, the 
water being repeatedly changed, its appearance be- 
oomes coneiderably altered, its taste and colour and 
medical proptsiies, if it had any, are in general aitirdy 
destroyed, and nothing remains but a mass of fibre, 
wliich resembles wood in its pi-opertiea. This is the 
woody fibre which constitutes the basis of all vegetable 
structures, and amounts to from 96 to 98 per cent, in 
the different kinds of timber, which are all composed 
of the same elements, their different degrees of hard- 
ness originating in a diSeroRce of cohesion among their 
particles. 

Lignin may be converted by the action of eiilphmic 
acid into a substance resembling gum arabic, and into 
sngar. The former substance 'w produced when saw- 
dust is well mixed with strong sulphm-ic acid. As 
soon as the mixture has grown clear chalk is to l)e 
added, and the mixture strainefl and evaporated to 
dryness. The result is a tasteless yellow and trans- 
parent substance, possessing most of the properties of 
gum, which will presently be described. If this gum 
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again heated wth sulphuric acid, it will be eon- 
Terted into a crystallizable sugar like cane-sugar. 

The chief constituent of hciup is lignin ; and ■ 
piece of liempen cloth may thus be converted into 
sugar by the action of sulphuric acid. 

Gum. — Pure guma — gum arabic for instance — m 
(ashless, peri'ectly soluhle in wata; Uie solution visdd, 
iitsolnhle ill gjnrits of wiiie, capable of cementjng 
broken fragments, and of forming a varnish. 

Gluten and starch. — If the flour of wheat be made 
into dough, and kneaded under water, it will separate 
into two parts, a glutinous gray ela.'rtic substance, some- 
what resembling fresh Indian rubber, will remain m 
the hand ; this is gluten ; and the water will become 
white with a floating powder. This, which is to be 
allowed to settle and to be collected, is starch. Gluten 
contains about 16 per cent, of nitrogen; it ia one of 
the most nutritive of vegetable sulratances, and tlie 
superior nutritious powers of wheat arise from the 
larger proportion of gluten contained in it. An in- 
crease of animal manure increases, as was before stated, 
the amount of gluten, and the wheat of the southern 
countries of Europe contains more gluten than that 
of the north. It is this abimdance of gluten which 
causes Sicilian and Odessa fiour to absorb more water 
than tliat of English, and consequently a sack of 
it produces from four to six loaves more. It is to 
the gluten that bi'ead owes its lightness, the carbonic 
acid disengaged from the yoast and detained by the 
tenacious gluten causes tho dough to expand or rise ; 
and the absence of gluten from the flour of wheat badly 
harvested rendei-s necessary the mixture of Odessa 
flour in order to cause the loaf to " stand up," as 
bakers term it, in the oven. Flour aboimding in 
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gluten is of a browner colour, though more nutritious 
than that wliich abounds in etarch, which causes 
whiteness of colour. 

Starch is obtained from different kinds of grain, 
from potatoes, and from other vegetable substances. 
Indian arrowroot, tapioca, and sago, are all varieties 
of starch. Starch is insoluble in cold water and al- 
cohol, but very soluble in hot water. Its presence 
may be knowTi by the azure blue colour which it pro- 
duces with a solution of iodine. 

The starch both of grain and potatoes is convert- 
ible into sugar by the action of sulphuric acid. The 
two substances are to be boUed together for a long 
time, and some chalk is tlien to be added. The liquid 
after being strained is to be evaporated, when lumps 
of sugar will crystallize, the weight of which will be 
about one-tenth greater than that of the starch em- 
ployed. Sugar thus formed may be distilled into 
alcohol, or spirits of wine. It is not however equal 
in sweetness to that of the cane. 

Sugar. — Other plants besides the sugar-cane pro- 
duce sugar. In America it is made from the juice 
of a species of maple ; in France it is extensively 
manufactured from beet-root and from grapes. One 
hundred gallons of the juice of the cane produces 
108 lbs. of sugar, of which 112lbs. yield Gllbs. of 
refined sngar ; the i-emainder being bastards and mo- 
lasses, with about 5 lbs. of loss. When the juice is 
sufficiently purified and evaporated, it crystallizes in 
small grains. Candied sugar is formed by dissolving 
either hard or soft sugar in a small quantity of water, 
and exposing it to cold, when it forms into regular 
crystals. Grape sugar is also erystallizable in groups 
of grains, but not into regular crystals. 
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VEGETABLE ACIDS. [^ 

Veffeiable Compounds of Carbon wtii Bydrogm anJ 
Oxygen, in which Oxjfgen is present in lar^tt 

» proportion than in water. 
Vegeiahle Adds. 

The ve^table acids have beeu already mentioned 
as belonging to this class. Some of them exist leadj 
formed in plants ; others are obtained by the action 
of heat rm those acids, or by the action of njtiic 
acid upon certain vegetable substances. The fonne 
are called eduets, the two latter proditcts. 

The following arc some of the most important 
organic acids which exist ready formed in the juices 
of plants. 

Ciirie acid is obtained from the juice of lemons, 
This is first saturated with powdered clialk to fonn 
citrate of lime. Thie, after being well washed to fiee 
it from the mncilage with which the acid was coiD- 
bined in the juice, is decomposed by heating it witii 
dilute sulphnrie acid, whieli forms with the lime an 
insoluble sulphate. The acid liquor is then evapo- 
rated to a certain state, aud on cooling cr^Btals of 
acetic acid are formed. 

Sorbic, called also malic acid, ia obtained 
the juice of the berries of the service tree (nriti 
aMciiparia), and of the apple. 

Tartaric acid is made from cream of tartar, • 
crust d^oaited on the mider side of wooden vesMk 
in wiiich wine is long kept. 

Oxalic acid. — This acid, which consists of cvbou 
twelve parts or two doses, and oxygen twenty-four 
parts or three doses, was originally obtained from the 
juice of wood-sorrel (oxalis aeetosella), whence he 
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name. It is now prepared in iarge quantities by the 
action of nitric acid upou sugar; and is therefore 
sometioiea called, thouglt inipro])erlj-, acid of sugar. 
In the form of the crjatals oxahc acid so much rc- 
semhlcs sulphate of soda, or Epsom salts, that it hoe 
frequently hecn fiwallowed by mistake for that medi- 
cine. The remedy in such eases is to cause the 
patient to drink copious draughts of water in whiefa 
whitening {pttuniered cItaUt) ia diffused ; when the car- 
bonate of lime neutralizes the acid, forming tnih it 
oxalate of lime. 

Oxalate of ammonia \s used as a teat for the pre- 
e^ice of lime. The oxalate of lime, which is formed 
on the addition of that salt to water holding lime 
in solution, produces a milky appearance, and thua 
lime may ho detected in the water of most springs. 

Gallic acid ia procured from powdered gall-nuts, 
wbich are heated in a glass retort, until cr)'Btal8 form 
in its neck. These consist of gallic acid. Its acid 
properties are, however, "but very feeble. Chemisto 
are not agreed whether in its pure state it reddens 
iitmus paper. Its taste is rough and bitter, rather 
than soui', but it neutralizes aJkalles, and expels car- 
bonic acid from their carbonates. It changes the 
colom: of solutions of salts of iron to black, and is 
therefore used in the formation of ink. 

These are the most important v^etable acids, Imt 
there are a number of others of minor consequence ; 
BQch as 

Benzoic acid, obtained from a resin called ben> 
zoen. On exposing this to the action of heat in a 
retort, the acid sublimes and condenses on the cool 
part of the glass, in the form of brilliant white and 
downy crjstals, of a fragrant odour, and strong aro- 
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nuiic taste. Their solation reddens litmus paper, 
and neutralizes alkalies. They thercrore possess acid 
properties. 

Morojyfie acid obt»ined from the hark of the 
naulbeiry. 

Ulmic acid, from that of the elm. 

Kinic acid, from the CiDchona tree which pro- 
duces the Peruvian hark. 

The tileic and pi«ie are acids obtained from tur- 
pentine. 

Mcchonie acid, from poppy-heads. 

Pfctinic acid, from carrotB and other vegetahlM: 
with nianv Others which it is needless to enumerate. 



AcuU gi-neratfd hi/ the action of heat on tome of tk 
ahoee-nientioned acids. 

The citric, tartaric, and other vegetable acids, an 
decomposed by distillation at a high temperature, and 
new acids are formed, distinguished by peculiar pro- 
perties. These have the word pp-o prefixed to the 
name of the acid from wliich they are derived. Thna 
we have pyro-citric, pyro-tartaric, and pyro-sorhic 
ftcids, all differing in their properties from the acliis 
ftOBi which they were formed. Others are generated 
by the action of heat which have «mple names, be- 
eaose they are not known to exist in a previous acid 
state; such are 

Succinic acid, distilled from amber, a vegetable 
reain found in a fosEol state. 

TT. • >' ■'■ > two acids distilled from castor oil. 
biaioaic acid, J 



Ctveonic acid, formed by heating togetht 
and potash. 
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Acidi generated by the action of Nitric Acid on vege- 
tahle substances. 

Carhasotic acid, the product of indigo heated in 
strong nitric acid, is a solution which on cooling de- 
posits transparent yellow cryatals which have a bitter 
taste, redden vegetable blues, and form crystaUizable 
Halts with alkalies and earths. 

Indie acid. — If indigo be boiled in nitric acid 
much diluted with water, water being continually add- 
ed to prevent concentration, the yellow solution thus 
produced yields, on evaporation, wliite silky crj'stals 
having an acid bitter tasfe. These consist of Indie 
acid, which by the action of strong nitric acid is 
converted into the carbazotic. 

Aloetic acid is formed by the action of nitric acid 
on aloes. It consists of carbazotic acid combined 
with a peculiar resinous aubstaiice, IJy means of 
mordaunts it is capable of communicating a variety 
of beautiful dyes to sillc, leather, and wool. 

Saclactic acid is obtained by the action of nitric 
acid on the sugar of milk. 

Mttcic acid by treating gum arabic witii nitric 
acid. These two are considered to be identical. 

Camphoric acid is obtained by the same means 
from camphor, and tubcric acid horn cork. 

Compounds containiiiff Carbon and Hydrogen, hvf no 
Oxygen. 

To this class belong the resins and the fixed and 
%'olatile vegetable oils, also wax and camphor, 

Sesina are generally transparent, always coloured, 
their colour becoming darker by age. They have a. 
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pm^ent tSBte and a strong odour, are insoluble m 
water, but soluble in alcohol ; water added to the so- 
lution causes the resin to separate in tlie form of & 
Soatii^ while powder. They melt with heat, and 
harden ^ain on cooliug ; if much headed they take 
fire, and bum with considerable flame and smoke. % 
distillation in close vessels an odoriferoi» oil coma 
over, and the resin which remains in the retort be- 
comes harder, darker coloured, and nearly destitute 
of Hinell. These oils being supposed to contain the 
essence, or principal medical virtues of the resias— 
some of which arc much used in medicine — are called 
essential oils; and from their speedily eviqxirating at 
flying off when exposed to the air, they are also called 
volatile oils. 

The well-lmown substance turpentine is a good 
example of a resin. It abounds in the juices of aB 
the fir tribe, exuding from wounds in the bark aid 
irom broken branches as a viscid fluid, which hanleiiB 
by exposure to the air. 

When turpentine is distilled, a thin colaurleaa 
strong-smelling liquid, called essential oil or spirits of 
turpentine, conies over, and tlie rcsin which remains 
in the retort is white or dark- coloured, according to 
the mode in which the process is conducted. Mynh 
and many other resins are spontaneous exudations 
from the leaves and branches of certain plants. 

Essential oils. — Essential oils possess a, variety of 
pungent tastes and powerful odours, dependent on the 
plant from which they were obtained. They occur in 
the bark, wood, leaves, flowers, and rind of the fruit; 
but are generally moat abundant in the leaves and 
cortical parts, where they are lodged in small sphe- 
ncid and oblong cells. In some species of plants, the 
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Sortie tribe !r« instance, and the St JohnV > 
pericvm perforatum), the greater tranHpareney oft*. 
cells containing the essential nil cans&s the leaves nWk- 
held up to the light to have a punctured appearaiiMi 
The colour of essential oils is light when they are 
fresh made, but darkens with age. When shaken with 
nstcr they appear to mix ; but soon separate when at 
rest — the oil, according to its wpecitic gravity, eitfad! 
Hosting on the surface or sinking to the bottom ; it 
will be fonnd however to have partially dissolved, ami 
to have imparted to the water some of its taste aaJI 
odoar: and the water \vill have acquired these in • 
greater d^ree if left long in contact. 

Fixed oils are those which, like olive-oil, oil of Kft- 
seed, &c. toe not volatile, have a mild taste, and ttt 
not dissolve m water. Few of them dissolve in A- 
cohol. They do not take fire at so low a temperature 
aa the volatile oik, and are not inflammable, like them, 
by affiision of nitric acid alone, but require it to be 
mixed with sulphuric acid. Fixed oils are rarely found 
ia the leaves or cortical parts of plants, but are ge- 
nerally extracted from the seeds. 

Wax and camphor are two weU-known substances, 
compounds of carbon and hydrogen. 

Wau! constitutes the varnish on the leaves of many 
trees, and is found in the berries of a shrub called 
vacciniimi ceri/era, a good sized bush of which will 
yield a pound of wax. Bees have the faculty of con- 
VCTting the sugM of honey mto was by a process 
which it undergoes in their bodies. When confined 
in a room and fed on sugar they liave been known 
to build a comb formed entirely of wax derived by 
these means from the sugar. 

Camphor is a solid of a pungent taste and fra- 
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grant odour, volatile, sparingly soluble in water, readily 
soluble in alcohol, and in the oils both fixed and vola- 
tile. Like the resins it separates in Bakes from its 
alcoholic solution on the addition of water. Campbnt 
is deposited on the evaporation of certain fixed wb, 
]>articularly thoae extracted from the common laven- 
der and its allied plants. The camphor of commem 
is procured by sublimation from the laurus camphon. 
Balsartis are subatanees closely allied to resins; 
their distinctive character coossts in yielding on dis- 
tillation crystals of benzoic acid in addition to volatib 
oils. There are also some substances called re«ii- 
gums, which appear to possess properties intermediate 
in character between those of gums and resins. If 
digested in alcohol the resin is dissolved and the gum 
remains untouched ; the reverse of tliis takes place 
when they are digested in water, while in a mixture 
of alcohol and water both the gum and re^n are 



Camitchoue, or Indian rubber, occurs in ce 
species of trees as a milky Uqnid, which exudes i 
the bark is woimded, and hai-dens by exposure to the 
air into an elastic solid, capable of being dra^vn intii 
threads, and which melts at a strong heat. It is 
insoluble in water and alcohol, but soluble in oil of 
turpentine and other essential oils, and naphtha. 

Other proxiiitate Vegeiahk CoustitweHta. 
•TJUhe vegetable acids which have been previousl}' 
ibed are always found in plants associated with 
some base, either inorganic, as potash, soda, lime, SiCi 
or organic, as the vegetable alkalies. These are a 
class of bodies in which the peculiar quaUties of the 
plants which contain tliem apjiear to reside. Most of 



^^«8cril 



SECT. IV.] aUININA AND CIXCHONIA, &:C. 73 

them possess decided alkaline prqpertics ; in others 
these properties are so feeble that they liave received 
the name of altaloidg. Many of theiii ore deadly 
poisons — some which are poisonous are most effica- 
cious niediciaes when used in small doses. It will 
be sufficient to enumerate a few of tliem. 

Qiiinina and clnckaiiia are derived li-om the bark 
oE different species of the cinchonia-tree, or Peravian 
bark, in which they occur in combination with kinic 
acid, Tliey resemble each other in their bitter taste, 
and in their power of neutralizing acids, and forming 
nith them crystallizahle compounds. The principal 
difference is, that cinchonia crystallizes when uncom- 
bijied with an acid, which quinina duos not. Sid- 
phate of quinina is much used in medicine as a 
substitute for the decoction of ciucliouia bark. 

Morphia and narcotine are two substances derived 
from opium (itself prepai-ed from the juice of the 
poppy), the first alkaline, the second possessing nei- 
ther the properties of an alkali nor an acid. The 
peculiar sedative qualities of opium are supposed to 
be due to tlie former, and its stimulating qualities 
to the latter. 

Sttyc/mia and Brucia are two powerful poisons, 
remarkable for producing tetanus or locked jaw. The 
latter is obtained from the bark of a tree {Bfucea 
antidysealerica) common in Abjasiula ; the powdered 
bark of wbicli cured Bruce the traveller of a dysentery, 

DlgiiaUa , hyoscjfaiHa, atropia, terateria, are all 
substances of a powerfully poisonous nature, whidi 
are used in medicine in small quantities, Uigitalia 
is obtained from the leaves of the foxglove, hyoscyama 
from the henbane, atropia from the doadiy nightshade, 
and verateria from the hellebore. 
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The only impwtance of these vegetable allcalies and 
alkaloids In agricultural chemistry consists in the faet 
that in those plants to which they are peculiar, and to 
which they must be considered essential, they consti- 
tute tho bases of oi^anic salts, while in most of the 
plants cultivated by the fMmer these organic salts hora 
for their bases metallic oxides, which must therefore be 
regarded as of the same importance to those plants a 
the organic bases are to those in which they occur. 

Tannin. — The tanning properties of oak-bark and 
other vegetable substances having an astiingent Irifter 
taste, are contained in a peculiar substance called 
tannin. In gall nuts it is associated with gallic sod. 
To obtain it in a separate form a complicated process 
is necessary. It is destitute of colour and odour, and 
has a rough and astringent bitter taste. A soJutifHi 
of it dropped into isinglass or glue (gelatine) forms 
a precipitate which is perfectly insoluble in water. To 
produce this effect the gelatine need not be in a stile 
of solution, provided it be capable of being penetrated 
by the tannin. The art of tanning, or convei 
skins into leather. Is nothing more than this prooes. 
Skins consist principally of gelatine, and on h 
immersed in an infusion of oak-bark its tannin c 
bining with the gelatine renders it tough, hard, tai 
insoluble, and prerents its putrefaction, 

PROXIMATE CONSTITUENTS OF ANIMALS. 

It has been already observed, that the chief dis- 
tinction in the chemical composition of animal and 
vegstahle matter consists in the much larger propor- 
tion of nitrogen contained In the former ; carbon alaa 
is more abundant, and is less conibustihle than in 
vegetable matter. 
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The principal solids of the animal body are the 
bones and muscles, in which the animfil strength 
resides, and which direct the motions— the tendons, 
in which muscles tenninafe, and by which they are 
tmited to tlie bones — the membranes, which line cavi- 
ties — the shin or cutis, which envelopes the exterior 
stsface of the body, and fat. 

Bones. — Bone consists of 

Gelatine and cartilage 32.17 

Blood-vessels 1.13 

Fluoride of calcium 2.00 

Phosphate of hme 51.04 

Carbonate of lime 11.30 

Phosphate of magnesia 1.16 

Soda, hydrocWorate of soda, and water. 1.20 

100.00 



Bones derive their firmness and tenacity from the 
gelatine and cartilage which they contain ; the 
phosphates and carbonates, which constitute the chief 
portion of their structure, being naturally brittle and 
fnable. By immersing bone for a long time in dilute 
nmriatic acid, both the gelatine and the earthy salts 
are dissolved, and a mass of cartilage remains, retain- 
ing nearly the form of the original bone. 

By boiling bones for a length of time in water the 
gelatine dissolves, and the water on cooling becomes 
a tremulous jelly. The remaining constituents ai-e the 
earthy salts and the cartilage. The latter is moat 
abundant in tho bones of young animals. If the hones 
employed are those of a very young animal, had been 
broken very small, and boiled for a great length c^ 
4~-2 



76 B0NE9, GELATINE, &e, [pAET I, 

time, both the cartilage and gelatine would be dis- 
soli'ed, and the residue will consist wholly of the 
insoluble salts. In old animals the quantity of the 
cartilage diminishes, and has frequently a tendency 
to become bone. The discaso called ossification is 
4he conversion of caiiil^e into bone. 

Gelatine. — Broth and soup consist of a weak sola-' 
tion of gelatine in water. When strong, it becomes 
on cooling stiff and tremulous, and constitutes animal 
Jelly. If tliis be dissolved and boiled down till the 
water be nearly evaporated, it forms a hard, brittle, 
and transparent substance, known in the culinary art 
as portable soup, which is nothing more tlian glue 
prepared fram edible materials. Ordinary fflue i 
manufactured from the skin, honis, hoofs, bones, afl 
other portions of animal bodies containing gelatine. 

Muscular fibre. — The muscles consist of geUdii 
and fibrin, animal albumen, and osmazome. Whea 
muscio is washed repeatedly in water, its red colou 
changes to white, and it is seen to consist of a 
bundle of minute fibres, the substance of which Ba^ 
Ihence been named fibrin. The gelatine has beeiT. 
washed out of the muscle during the process, and tl' 
contained in the water. Flesh contains, on the aver* 
age, 15.86 parts in 100 of tibrin, and this contaiaS 
18 per cent, of nitrogen. Strong acetic acid and hi 
convert fibrin into a jelly, which evolves nitroged 
when dissolved in water. Strong sulphuric acid e 
o'crts it into a white substance called leucine, wh 
•lias the taste of boiled meat, and when heated gi 
Aut the smell of i-oasted meat. Nitric acid convt 
it into a crystal lizable acid called the niiroleucie. 

Alhumen, which exists in many parts of the i 
cnal body, occui-s nearly in a state of purity in 
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\^te of egg. It is soluble in cold water, but coagu- 
lates when the solution is boiled. By continuing 
a moderate lieat it may be converted into yellowi&h 
brilliant flakes, which are still soluble in water. 

'\Vhen a solution of corrosive sublimate (per- 
chloride of mercurj) is mixed with white of egg, a 
precipitate is immediately fonned consisting of the 
protochloride (calomel), which is not poisonous. For 
tins reason white of eggs is used to neutralize the 
(xnson of corrosive sublimate. 

Osmazome is a kind of extractive matter which is 
ol>tfuned from raw muscle, by pressing it in succes- 
«ve quantities of water and separating it by evapo- 
ration, skimming off the albumen as it coagulates. 
The product of evaporation contains, beside osma- 
Bome, a small quantity of gelatine and salts. By 
dissolving the syrupy matter thus obtained In alcohol, 
bnd again evaporating, the osmazome is separated. 
It is soluble in water; the solution is not coagulated 
by heat, neither does it gelatinize on cooling, A 
strong solution of it has the acidulous taste jiercept- 
ible in well-made soup. It is supposed that it com- 
municates to soup and broth their peculiar taste and 
emell, and that they are the better in proportion to 
the quantity of osraazome which they contain. The 
name signifies odour of broth. The tendons, liga- 
ments, membranes, and shin, consist principally of 
gelatine, and are almost wholly dissolved, — tendons 
wholly 80, by continued boiling. The nails, hoofs, and 
horns, consist of gelatine and coagulated albumen. 
Nitrogen is a constituent of all these substances. 

Fat and animal oils. — The fatty substances con- 
tained in animal bodies are either hard, as tallow; 
soft, as lard ; or fluid, as oils. They arc found to be 
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I of otbcr pntziaafe animal consUtuente. 
Fat and aaatb fixed TegdaUe oils may be separated 
into two sobBtanceB; the one, solid, brittle, transpa- 
rent and inodorODS, called tt^arine ; the other, an oDy 
fimd ii»ned elaime. Butter contains an oily fluid 
iriueh has been named bttyrive, soluble in alcokd, 
bot not in water; sometimes white, Bometimes yd- 
low, and possessing the peculiar smell of butter. A 
peculiar oil, named phoceaine, luay be obtained fitun 
porpoise-oiL and another, named hircine, {torn the H 
of eAk^ and deer, while ^>ennaceti yields a ciystal- 
lizable matter named cetine. 

Soap is the n-ell-kno^vn substance formed by boil- 
ing tallow or oil with a solution of soda or potaak 
The alkali produces a chemical transformation amaDg 
the constituents of the fatty principles above moh 
tioned, converting them into peculiar acids. Tbs 
acids thus formed unite ^vith the alkali wbicb had 
been instrumental in generating them, and the ealtl 
mixed, or feebly combined, constitute soap. 

To these acids various names have been giveit, 
deri\-od from their properties, as tlic margaric, &oni 
its resemblance to pearl ; or from the fatty substancea 
from which they were derived, such as the stearie, 
oleic, butyric, hircie, and phocenic. Hard soap, which 
is made with tallow and soda, may therefore be re* 
gai'dcd aa the margaratc, stearate, and oleate of Eodi; 
and soft Boap, wliich is formed of oil and potash, as 
the margarate, stearate, and oleate of potash. 

Besides the acids above menfioiied, another, called 
the sebacic, and quite distinct from any of them, ia 
formed by the distillation of fat or hog's lard in ft 
retort with a brisk heat. It is crystallizal 
enters into various combinations. 



PART II. 

APPLICATION OF CHEMISTRY TO 
AGRICULTUllE. 



SECTION I. 

THE CARBON OF PLANTS DERIVED 
FROM THE ATMOSPHERE. 



ifumufi or mould— new views of Licbig as to ita ini 

the growth oi' piantB — outline of the arguments on which 
they ore fouudod — plants contain more carbon than could 
have been furai^hed by the most soluble modificutions oF 
hnmuB — insufficiency of all tlie rain-water received by tlie 
earth to dissolve the required quantity of hamatet) — equal 
amoants of carbon produced by equal surfaces, whatever 
the cropj and whether manured or not — invaiiablc propor- 
tion of carbonic acid and oxygen in the atmosphcri. — maia- 
talnod by the decomposition of carbonic acid by plants — 
experimental proof that plants give out ox^en — exami- 
nation of experiments supposed to refute this — humua 
furmuhes young plants with carbonic acid — the pioccaa of 
assimilation traced through all stages of growth — exere- 
menfa of plants return to the soil more humus than they 
received from it. 



All fertile soils contain a substance dorivetl fi-om 
tlie decay of vegetable matter, called Aumtts or mould. 
That it exerts in some way or other a beneficial in- 
fluence on vegetation there can be no doubt, but it 
is a question wliat office it perfonns in promoting the 
growtli of plants ; an inquiry which ia of the utmost 
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importance in all investigations which have for their 
object to discover by what means their fullest deve- 
lopemcnt may be promoted, or, in the language oF 
the farmer, large crops of them may be obtained. 
Vegetable physiologists have hitherto assumed that 
the humus of the soil is extracted from it by the 
roots of plants, aud is the principal source from which 
they derive their nutriment. Dr Liebig, in the work 
before mentioned, combats this assumption, and con- 
tends that vegetables derive their carbon from the 
atmosphere ; and that the only mode in which the 
humus of a soil acts is, by furnishing them in the 
early stages of their growth with an atmosphere of 
carbonic acid, which is taken up by the tender roott 
before the leaves are sufficiently developed to aBsinii- 
late carbon from the air. 

An announcement so novel, which strikes so &■ 
roctly at opinions long prevalent both among tin 
scientific and the ignorant, and at the same time of 
BO much importance in our endeavours to found a 
perfect and rational system of agriculture on the basB 
of chembtry, ought not to be i-eceived merely on the 
authority of a name however illustrious. I shall there- 
fore give an outline of the principal facts and argu- 
ments on which this conclusion is founded. 

" Since the time of the immortal author of Agricul- 
tural Chemistry," says Dr Liebig, in his preface, "no 
chemist lias occupied himself in studying the applica- 
tion of chemical principles to the growth of vegetables 
and to organic processes. I have endeavoured to fol- 
low the ])ath marked out by Sir H. Davy, who based 
his conclusions only on what was capable of inquiry 
and proof." Conducting his inquiries on these prin- 
ciples, this great organic chemist maintains the above- 
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mentioned views as to tbe mode in which humus acts, 
<>n the following grounds : 

1. Its insolubility as it exists in the soil, and 
■its consequent incapahility of being absorbed by the 
roots, and the non-existence in the soil of those arti- 
iicial modifications of humus which are soluble, though 
but ^ariugly so. 

2. The great excess of carbon (the only element 
'which plants could derive from humus) produced on a 

giv€n area above what they could receive from the soil, 
even if hunuis existed there in its most soluble state. 

3. The insufficiency of all the rain-water which 
falls upon a given surface to dissolve even the most 
soluble modifications of humus, in sufficient quantities 
to furnish the carbon contained in the crops produced 
in that surface. 

4. The uniform amount of carbon on the same 
space, in crops of tlie most opposite hinds, on nnma- 
nured as well as manured land, and its increase in the 
soil of woods and meadows, though a ceilain amount 
is annually abstracted in the shape of wood and hay. 

6. The invariable quantities of oxygen and car- 
■ boa existing in the atmosphere ; the necessity of somt 
process iu nature for restoring the oxygen abstracted 
by the processes of respiration and combustion. 

6. The fact that such a process exists, OBtahlishetl 
by repeated experiments, which prove that tiie leaves 
and green parts of plants decompose carbonic acid, 
retaining its carbon, and returning its oxygen to the 
atmosphere. 

Infoluhility of humus.— Jhmnis as it exists in the 
soil is soluble in alkalies^sparingly soluble in water ; 
for if good mould be treated with cold water the fluid 
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remains colourless, and is found to have dissolved less 
than i„„|„j,i of its weight of organic matter, and to con- 
tain merely the salts which ai'e present in rain-water. 
The decayed wood of oak, beech, and fir, likewise 
yields only slight traces of soluble materials. 

There are modifications of humus obtained by 
treating peat, woody fibre, soot, or brown coal, with 
alkahes — by decomposing sugar, starch, and sugar of 
milk, by nieaus of acids, and by exposing alkaline 
solutions of the tannic and gallic acids to the air. 

Modifications of humus soluble in alkalies are 
called Jmmic add ; those which are insoluble are 
called kumin and coal of humus. Iliuntc acid this 
prepared ^■aries in the amount of carbon contained in 
it from 57 to 72 per cent., accordhig to the nature 
of the process and the materials employed. When 
first precipitated it is a flocculent substance, soluble 
in 2,500 times its weight of water ; and it combines 
with alkalies, forming compounds soluble in no greafts 
degi-ee. There is not the shadow of a reason for 
supposing that liumic acid, or any of the aiTtificisl 
modifications of humus, exist in the soil under the 
form, and endued with the properties of tlie vegetable 
constituents of mould, although vegetable physioIc^istB 
have confounded the two together — an error \riiieli 
liaa retai'ded our knowledge of the true nutritive pro- 
cess in vegetables, and deprived us of our best guii& 
to a rational practice of agricidture. 

Aware of the insolubility of humus as it €sisiB 
in the soil, and agreeing as to the impossibility of 
the roots taking up any matter in a solid state, they 
have endeavoured to explain the influence which they 
assume it to possess in the nutiition of plants, by 
imputing to it the properties of humic acid as pre- 
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-pved artificially ; but even tliis is very sparingly so- 
luble in water, aud when dried or exposed to a freezing 
tempeiature it becomes insoluble. If therefore the 
humic acid of chemists existed in the soil, or if the 
constituents of mould possessed the properties of bumic 
acid, the heat of summer and tbe frost of winter u-ould 
destroy its solubility. 

Yegetabhi contain more carbon than could have been 
taieti up ly them in t/te form of the most Bo?H5fo 
compounds of hnmiis. 

To obviate the above-mentioned difficulty it has 
again been assumed, that the lime and alkalies which 
are found in the ashes of all plants had combined witli 
humic acid, forming soluble salts capable of bdng 
taken up by the roots, and converted into carbon 1^ 
the other organs of plants. This assumption Liebig 
disproves by shewing from the known quantities of 
the alkaline bases and earths contained in plants, that 
the quantity of carbon which could possibly be ab- 
sorbed by them from the soil in this form is much 
less than tliat actually contained in tliem. In this 
calculation he proceeds on the assumption most fa- 
vourable to the hypothesis which he opposes, namely, 
that the humic acid is taken up by the roots in the 
forms of humate of lime, and that soda, potash, and 
■manganese, have the same capacity as lime for humie 
«eid. 

Berthier found that l,000lbs, of dry fir-wood yielded 
41bg. of ashes; and that in every lOOlbs. of these 
asbes, after the chloride of potassium and sulphate of 
potassa were extracted (the bases of which could not 
have acted as bases to humic acid), there were £3 lbs. 
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of metallic oxides, potassa, soda, lime, magnesia, iioa, 
and manganese. 

Now a Hessian acre of land, equal to 26,910 
s(iuarc feet English measure, produces annually on aD 
average 2,9201b3. of dry fir-wood, containing 6.171ba. 
of metallic oxides ; and as one pound of lime coin- 
biues with 12 lbs. of humlc acid, the above 6.17iba. 
of metallic oxides would introduce into the trees GTlbs. 
of huniic acid, which admitting it to contain 58 per 
cent, of carbon, would be equal to only 100 lbs. of 
dry fir-wood, wJiereaa the quantity actually produced 
is 2,9201bs. 

The same calculation is then applied to wheat, 
and it is shewn, that in this way the wheat grown 
on one Hessian acre could not i-eceive more than 
6311)s. of humic acid, corresponding to 93.61bs. of 
woody fibre, but, excltisive of roots and grain, the 
straw produced, which is identical in composition with 
woody fibre, amounts to 1,961 lbs, 

Insu^ciencif of the rain water which Jails on a giteit 
area to dissolve the required quantity of humates. 

The quantity of rain wlueh falls at Ei-furt, one 
of the most fertile districts of Germany, during tfaa - 
four months from April to July inclusive, is 19.31ba, 
over every square foot, equivalent to 771,0O01b8. on 
the Hessian acre, containing 26,910 eqiiare feet Engfi 
lish measure. Assuming all this water to bo absorb* 
ed by a plant which comes to maturity during that 
period, so tliat none is lost by evaporation, that alii 
ibis water is saturated with hnniate of lime, the most 
: salt of humtc acid, and that which containt 
i^st portion of it, the crop could not receivft 
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more than 330 lbs. of humie acid, corresponding to 
191 lbs. of carbon; but this extent of land produces in 
grain and straw (exclusive of roots) 2,8-l:3Ibs. equiva- 
lent to l,124lbs. of carbon, and in beet-root (exclusive 
of leaves and small fibres) 22,000lb3. corresponding 
to l,0321bs. of carbon. It is evident, therefore, that 
these crops derived from some other source much 
more carbon than they could possibly have absorbed 
in the form of humates soluble in water. 

Equal aurfaees of land yield equal quantities of cat^ 
bon, whatever the crop, and lehether manured or not. 

Tho produce of an acre Hessian measure is, in 

Hb. Tet'am? of la'iia. 

Wood 2,920 38... or ...l.lOfl 

Hay 2,765 4i31 1,111 

iRye 
''iStraw.. 1961.. 

Beet-toot... 22,000 1,032 

There is, therefore, a scarcely appreciable differ- 
ence in the quantity of carbon produced by land of 
averse fertility, under very different conditions, and 
yielding crops of very different kinds. Tho unma- 
nured wood and meadow produces very nearly as 
much as the manured arable land. Carbon, again, is 
extracted from the soil every yeai- in the form of 
wood and hay, and yet from the decay of leaves and 
branches, and from other matters returned to it by 
the phint«, it becomes richer instead of poorer in 
carbon. That element must, therefore, have been 
derived from some other source than the humus of 
the soil; and as the soil does not yield it, that source 
must be the atmosphere. 
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27(0 guanitiy of oxygen and carlojiic aeid in tit 
atiiui^kere being intariahle, there must be some 
hfiatural process to compensate for the aislractm 
f o£>/gen ly cornhvAtitm and respiration. 

F'The quantity of oxygen contained in the atmo- 
sphere, however great, is not inexhaustible. One 
man consumes by respiration twenty-five cubic feet 
in twenty-four hours, and the annual abstraction of 
oxygen by the combustion of fuel in a town of seven 
thousand inhabitants is not less than five hnndred 
and fifty-one miUiona of cubic feet ; and yet the con- 
dition of the atmosphere with respect to oxygen 
remcuna invariable; the air found ui jars buried in 
Pompeii eighteen hundred years ago, contains as much 
oxygen as tliat which constitutes our present atmo- 
sphere. From what source is the supply derived, and 
what becomes of the cai-bonie acid generated durii^ 
the process of respiration and combustion, for the 
billions of cubic feet of oxygen abstracted are coa- 
verted into an equal bulk of carbonic acid, nncc 
oxygen does not change its volume by uniting with 
carbon ? From the results of a number of careful 
experiments, made during several years, it appears, 
that though tlie quantity of carbonic acid cont^ned 
in the atmosphere fluctuates with the seasons, the 
annual average is constant, and is nearly equal td 
one thousandth of its weight. Nor is there any rea- 
son to beUeve that the quantity has augmented, 
although the immense volume generated by animal 
respiration and combustion ought to produce a per- 
ceptible increase. There must, therefore, be some 
process in nature by which the equilibrium is ouun- 
tained, by the withdrawal of carbonic acid and reato- 
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ralaon of oxygen. This compensating process exists 
in the vital economy of plants. It has already been 
8hG>vn that they contain more carbon than they could 
have obtained from the soil, even supposing humu 
soluble in water, which it is not, and that they there- 
fore must derive it from the atmosphere in whidi 
carbon exists only in the form of carbonic acid. 
Garbon and tho elemonts of water are the chief oon- 
Btituents of plants ; but tlie relative quantity of oxy- 
gen in the whole vegetable mass is much less than 
in carbonic acid ; for that contains two equivalents 
of oxygen, while water contains only one; and the 
water decomposed by plants in assimilating hydrf^ea 
is amply sufSciont to fm-nish all the oxygen which 
enters mto the composition of vegetable products; 
for the nmnber of those, such as the vegetable acids, 
which contain oxygen in larger proportion than that 
in which it combines with hydrogen to form water, 
are comparatively few, while many, such as wax, oila, 
rmn, fee., contain hydrogen in great excess. All the 
orygen, therefore, which is liberated by the fixation 
in a plant of the carbon of carbonic acid, must be 
returned to the atmosphere, and eveiy volume of ear- 
iwnic acid consumed will furnish iin equal volume of 
oxygen. 

Experimental proof of tJie ahsor^iion of carbonie 
acid fiy planls. 

That plants possess this power of decomposing 
carbonic acid baa been ascertained by experiment; 
for if the leaves and other green parts be placed in 
water, and exposed to the light of the sun, the pre- 
sence of which is indispensable to the process, the 
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! acid disappears bom the nrat^r and ojngea 
is enured, which, if tbc experiiuent be conducted 
under a glass r^ceiTer fiOed wHh n-ater, may be col- 
lected and examined. Tbe emission of oxvgen ceases 
when all the carbonic acid contained in the water U 
deeompoeed, but recommences on the addition of a 
&e^ Bnpply. Oxygen ia not emitted hy plants when 
placed in water destitote of carbonic acid, or wludh 
contains alkaU. Plants increase in n-eight during the 
decomposition of carbonic acid ; and the tncrea.'^ of 
weight is greater than the quantity of carboa as^mi- 
(ated ; tlie cleinentB of water must therefore be aea- 
milated at the same time. 

To the decomposition of carbonic acid by the 
leavos of plants, the presence of the solar light is 
essential, but the absorption of water and carbonic 
add by means of the roots is a process in constant 
action independent of the presence of light. When 
plants are in the shade during the day, and also 
daring the night, carbonic acid accumulates in all 
their parts ; and the assimilation of carbon and emia' 
sion of oxygen commence the moment they leQow 
the first rays of the sun. 

The atmosphere was found by Saussure to contwt 
more carlxmic acid during the night than the day; 
and it was also ascei-tained by him, that the nppei 
strata of air contained a larger portion than the lower, 
which are in contact with plants. Tropical re^ons, 
where the sun shines with great power on a luxuriant 
vegetation, are the great source of oxygen ; cold di- 
matos, where the artificial warmth of combustion is 
called in aid of the deficient heat of tJie sun, fiu-nish 
the chief supply of carbonic acid. They are blended 
by means of those currents and counter-currents, from 
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the equator to the poles, and from the poles to tlie 
equator, which are caused by the revolution of the 
earth on its axis. 

Thus not only do plants supply nutriment to ani- 
mals, but in their living state they furnish to the 
medium in which both exist tliat which is essential, 
and deprive it of that which is noxious to animal re- 
spiration. Plants and animals contribute to the well- 
heing of each other by mutually inspiring that which 
4lie other exhales. By such simple, beautiful, and 
^annonious laws is the mechanism of the universe 



Sefuiation of iiiferences drawn from experimenU 
mj^Oied to favour a contrary conclmion. 

The decomposition of carbonic acid by plants is 
supposed to be disproved by some experiments made 
hy Ingenhouss, from which it appeared, that in the 
Jari carbonic acid is exlialed by plants, and oxygen 
absorbed. The nature of the process is, however, 
indicated by the fact that the whole vohmie of the air 
is at the same time diminished; consequently tlie 
quantity of oxygen absorbed must exceed that of the 
tarbonic acid evolved. This, therefore, is not a vital 
fiinctton, like that by means of which plants assimi- 
late carbon during the day, but is a true chemic^ 
process, which takes place in dead as well as in living 
plants, and during which the oxygen of the air acts 
upon the substances which compose the leaves, blos- 
soms, and fruit, converting volatile oils into resins, 
and effecting the formation of acids. 

The substances of which different Idnds of leaves 
are composed being known, the amount of oxygen J 
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which they will absorb during the absence of light 
may be calculated with ease and certainty. Thus ti* 
leaves whidi contain volatile oils, or the constituentt 
of gall-nuts, or compounds containing nitrogen, ou^t 
to alisorb more oxj'gen than those which contain no 
Biich matters, and tliis theoretical conclusdon is yerified 
by experiment ; for the leaves of pinus abies contun- 
ing volatile and resinous oik absorb 10 times, those 
of fti^rcws robur containing tannic acid 11 times, and 
the balmy leaves of populus alba 21 times, the qioo- 
fJty absorbed by the tasteless leaves of a^ave Amer^ 
caiia. That the formation of acids takes place diuiiig 
the night, is proved by the fact, that the leaves of 
certain plants (cotyledtm calycinum and cacalta Jteo- 
ides) are sour in the morning, tasteless at noon, and 
bitter m the evening, Tliey loose their acid p^ope^ 
ties during the day, by parting with some of their 
oxygen, and acquire those tasteless and bitter pro- 
perties which distinguish compounds containing o^ 
gen and hydi-ogen, either in the proportion in whidi 
they form water, or with an excess of hydi-ogen. Dead 
leaves Ukcwise are found by experiment to absorb 
oxygen in proportion to the facility nith which thg 
change colour; those of the holly absorb only 0.86 
of their volume of oxygen, while those of tlie papiu 
absorb 8 times, and those of the beach 9^ timea th^ 
volume. 

The carbonic acid given out by plants in the nigfat 
is that which was absorbed, dissolved in water, l^ 
means of the roots; it ceases to be decomposed vriA 
the deiKii-ture of daylight, and pervadmg all the juices 
of the plant, escapee in quantities proportioned to the 
water evaporated. 

The ojiinion that carbonic acid constitutes the 
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food of plants, is supposed by some to be refuted by 
the results of some experiments on the seeds of bal- 
samines, cressea, and gourds, whicli were sown in 
powdered Carrara marble, and supplied with watCT 
containing carbonic acid. Though the seeds germi- 
nated under sueh circumstances, the plants died before 
tbey reached the third leaf. These experiments, how- 
ever, must be regarded as utterly worthless for the 
decision of the question. Many conditions are essen- 
tial to the well-being of plants, and some genera 
require peculiar conditions. The food which can serve 
for the nourishment of a plant must contain all its 
dements. These may be united in one substance, oi 
may exist separately in several. Milk is the only 
food which is capable singly of supporting the life 
of animals. We know of no such single nutriment 
prepared by nature for the sustenance of plants. They 
derive their nutriment from a variety of substancea 
containing the elements which enter into the compo- 
eition of their several organs, and no one of these is 
sufficient without the others. Dogs cannot live if fed 
exclusively on gelatine, or on white bread, or on starch, 
aU nutritious substances, neither can a plant rea«h 
maturity if fed only with carbonic acid. Besides 
those mattei-s which form the principal constituents 
of plants and animals, they reqiure other inorganic 
Bubstauces, although we aie ignorant of the peculiar 
functions perfonned by those substances: animals can- 
not live if totally deprived of common salt, neither 
can plants live unless supplied with certain metallic 
oxides. A plant of the family of graminew (com 
and grasses), or of the e^uisetacew (or horsetails), the 
solid framework of which consists of silicate of potassa, 
cannot be brought to maturity without silicic acid 
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Bltd pntassa, nor a plant of the genus osalis whhont 
])otassa, nor saltworts [mlsosa and salieomia) wi^ 
mit chloride of sodium, or some salt of similar pro- 
perties. Experiments conducted under a glass globe, 
from which all the elements entering into the com- 
poailion of plants are, with one exception, systemati- 
cally excluded, are far less calculated to adi-ance out 
knowledge of the sources from which plants ohtmu 
their food, than the study of a forest or a meadow 
where they grow in a state of nature. When we 
know the constituents of the soil, and are acquainted 
with the composition of the atmosphere, and of rain- 
water, we are in possession of all the conditions neces- 
sary to the life of the plants which it supports. 
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supplies the young plants with Carbonic 
Acid. 



Having by facts and arguments like these estab- 
lished the conclusion, that plants, instead of drawii^ 
their nutriment from the humua of the soil, absorb by 
means of their leaves their carbon from the atmo- 
sphere, Dr Liebig proceeds to shew that the tmly 
function of this humus is to supply plants in the 
early stages of their gro^vth with an atmosphere of 
carbonic acid, which is absorbed by the roots before 
the leaves are sufficiently developed to decompose that 
■which exists in the air. 

Humus is the result of the decay of vegetaUe 
fibre. Decay is a slow process of combustion, by 
which woody fibre converts the oxygen of the air in 
contact with it into an equal volume of carbonic acid. 
The presence of water is necessary to this proccsB, 
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which is extremely gradual ; alkalies promote, acids 
retard it. The conversion by woody fibre of tlie 
surrounding oxygen into carbonic acid, diminiahcs as 
decay advances, till a brown, coally looking substance 
remains, which no longer possesses the property; it 
constitutes the principal part of all strata of broivn 
coal and peat. 

The process of decay by which oxygen is con- 
verted by Imimis into carbonic acid, goes on, in a 
soil permeable to air and moisture, in the same man- 
ner aa in the air itself. The cultivation of the land 
by stirring and loosening the soil, promotes deconipo- 
mtion by removing the carbonic acid amrounding the 
particles of humus, and bringing thom in contact with 
frrah supplies of oxygen. The loosening of the soil 
round young plants favom-s their growth by increasing 
the supply of carbonic acid, whilst eveiy thing which 
tends to bind the soil and prevent access of air dimi- 
nishes the supply of food. As the roots increase, they 
remove the carbonic acid which protects the humus 
from further decay ; it is replaced by atmospheric air, 
and fresh carbonic acid formed. 

When the organs by which a plant obtains car- 
bonic acid fi-oin the atmosphere are sufficiently de- 
veloped, it no longer requires that contained iu the 
soil, and diu-ing the heat of summer it derives its 
earbon entirely from the atmosphere. When the nu- 
triment which a plant receives is greater than its 
existing organs require, the excess is not returned to 
the soil, but gives rise to new organs — new cells, 
twigs, and leaves; and as the power of absorbing 
nutriment is proportionate to the surface of the loaves, 
every increase of these organs produces an increased 
power of obtaining nutriment. When tho leaves and 
other greea parts are.l'uUy matured, the new products 
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; firam this continued assiiuilatinn are no longs 
employed in the formation of fresh leaves and branclws: 
they produce woody fibre, starch, sugar and acids, 
which were previously formed by the roots when re- 
quired for the developoment of the stem, leaves, and 
branelim. When the formation of woody 6bre bu 
reached a certain stage, the supply of nutriment wMA 
Btill continues is appropnated to the formation of blos- 
Boms and fruit- On the ripening of the fruit the foiw 
tions of the leaves cease, because the plant has now 
reached its fullest devclopemcnt, the chemical agtien 
of oxygen on them conuuences, they change colour 
and fall off. Between the blossoming and ripeniig 
of the fruit new compounds are formed by means of 
organic chemical "transformations," Tlieae t^ul^a^ 
mations are not due to the [wwcr of the " vital jain- 
ciple" of phyaiologiats, hut are a true chemical procen 
arismg from disturbance in the attraction of the efe- 
ments of a compound, although they take plac 
another form from the ordinarj- decomposition of salts, 
oxides, and sulphurcts. The formation of sugar during 
the gennination of seed, and the solution of muscolu 
fibre, have both been ascribed to the vital principle; 
hut the vital principle cannot exist in a decoction of 
malt in the stomach of a dead calf, and yot when 
starch is introduced into the foimcr, it converts it 
Erst into gum, and afterwards into sugar; and faaid 
boiled albumen and muaculai- fibre have been difr 
solved in a decoction of a calf's stomach to which ft 
few drops of hydrochloric acid were added. 

Of the new compounds formed by these chemic^ 
transformations, some remain as component parts of 
the blosaoma and fruit, some pas,'^ off in the form of 
excrements. From the food which it receives, each 
Qj^gan takes that which It requires for its o^\-n suste- 
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nance ; and the snperilaous elements combining to- 
gether are thro«-n off as excrement! t ions matter. 
Matters rejected by one oi^n contain the elements 
which enter into the composition of others, till, being 
incapable of fiu^her tran&fonnations. they are tluwvn 
off from the sj'stem — gaseous matters by the leaves 
and blossom, solid excrements are depositc-d in the 
hark, soluble substances are passed off by the roots. 
These secretions are most abundant just before the 
formation and during the continuance of the bloesom, 
find diminish after the developement of the frrnt. The 
eccrementitious matter niiich the soil absorbs from 
the roots is still capable of decay, and of being con- 
verted into carbonic add. It becomes in fact humns. 
By means of these excrements — of the fallen leaves 
of trees and of the old roofs of grasses — the soil of 
forests and meadows receives more carbon than its de- 
caying humus had lost in the shape of carbonic acid. 
Plants ha^e been brought to maturity on a small 
Scale without the assistance of humus or mould. They 
have also been foimd to tlirive in powdered charcoal, 
in which they will blossom and bear fruit if exposed 
to the influence of rain and the atmosphere. The only 
substances which tlie plants can derive from charcoal 
are a few salts, those of silica of potassa among others, 
but it possesses the power of condensing gases within 
its pores, more particularly carbonic acid, and it is 
thus enabled, like hrnnus, to supply the roots with an 
atmosphere of carbonic acid. Plants however will not 
arrive at maturity if watered with pure distilled ivater, 
instead of rain or river-water. Kain water, therefore, 
must contMH some substance essential to vegetable 
life, and that substance will be shewn hereafter to be 
nitrogen in the form of ammonia. 



SECTION ir. 

SpUItCE OF THE HYDROGEN OF PLANTS- 
IF THEIR NITROGEN— IMPORTANCE OF 
THEIR INORGANIC CONSTITUENTS. 



SOU 



Plants obtain nitrogen by decomposing water — tliey obtm 
tlicir iiitrogi>n from the atmosiiherc in the form of aa- 
roonia — annnonia too much diffused in ihc air ta lie 
detfcted till coutentrated in rain water — diacoveivd 
Licbig ill rain'Water and snow — and in the juices ol 
plants — increase of azotized products by the use « 
tnoniacal nionnrea — gypsum aud burned clay fix the im.- 
monia of tho almoaphere in the soil — charcoal al 
ammonia — (lie metiilllc oxidca found in the aslics of 

essential to their existence — their constant presence b 

^^ft combinatiuR with organic acids — invariable quandty tt 
^^B fficygen present when one base is substituted for anoi 
^^Vsmall quantity of alkalies in plants which flourish mft 
^^" variety of soiln — potash restores the fertility of exhauMcd 
land— if these bases were not essenlial tUey would Hl^ 
be retained by the plant. 



The hydrofjea of 2>lants is obtained by the decompt- 
ettton of tcaUr. 

Woody fibre consists of carbon united with osj- 
gcn ontl liydrogen in the proportion in whicli tlioae 
two elements arc combined in water, but ordinal^ 
wood contains an excess of hythogeu above tliat 
proportion, arising from tho presence of the green 
principle of the leaf, wax, resins, volatile oils, and 
other compounds abounding in hydrogen. Moat 
plants contain hydi-ogen in tlio form of water, ii'hicli 
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may be separated as such ; but tbe liydrogeii, whirli 
ia essential to tbeir constitution, cannot possibly exist 
ID the state of water. To fumiKb the hydrogen, 
therefore, of woody fibre, of wax, resins, and other 
compounds of that nature, plants must possess tlif 
faculty of decomposing water, for from no other body 
coidd they obtain hydrogen; and the elements of 
water have such a powerful and extensive rauge of 
affinity, that no compound is more easily decompuseii, 
or perfoims more important offices in the phenomena 
f)f combination. 

Plants, therefore, derive their carbon from the 
decomposition of carbonic acid, and tlieir bvdrogoii 
from the decomposition of water ; and in tlio fonna- 
tion of woody fibre, wliich coasists of carbon united 
mth the elements of water, in the same proportion 
in which those elements are combined in that fluid, 
«a equal amount of oxygen will be set free, whether 
we Buppose that carbon combines directly with water, 
or, which ia more probable, that during the decompo- 
sition of carbonic acid and water, part of the oxygen 
of the former combines with the hydrogen of tlie 
latter. In either ease, two oquivaleuts of oxygen will 
be liberated in tlie form of gas; for water and carbonic 
acid contain between tliem three equivalents of osy- 
gen, namely, two in carbonic acid, and one in wafer, 
which, in the latter, is united with one equivalenl 
of hydrogen; and woody fibre contains, besides its 
carbon, one equivalent of hydrogen, and only one 
equivalent of oxygen. 



1 



mf» dfrioo Ntlroa&n from th« Atmosphert in fit 
form of Ammonia. 



I 

^^^PlNitro^ii exists in Biiiall quantitJes in every part 
^^B vegetable structure; it in most abundant in the 
spods. 

Plants may be brougbt to maturity in chafcol, 
jimvided they are supplied with raJn-water. Bain- 
u^ter can only contain rutrogcn dissolved in fttsio- 
Kplipric air, or in the form nf amnionia. that ia, in 
combination with hydrogen. The nitrogen of the air 
cannot be made to enter into combination with uj 
element except osygen, by the most powerful meana; 
neither do nitrogen and hydrogen unite, except in 
tlieir nascent state, that is, when in the a«t of libfr 
mtioii from other bodies; and so far from then 
being any reason to suppose that nitrogen, 
in the atmosphere, enters into tlie composition rf 
plants, we know that many species emit tlie nitrogen 
absorbed by their roots either in the gaseous state. 
01- dissolved in water ; and, on the other hand, it is 
equally well known that the formation by plants <tf 
substances containing nitrogen, such as gluten, is 
proportioned to the quantity of nitrogen conveyed lo 
their roots in the form of ammonia. Ammonia, 
moreover, iwasesses the same aptitude for deG<Hn|M>i 
aitiou and transformation t» water, together mtb 
propertied which belong to no other compound of 
nitrogen, being extremely soluble in water, fomu^ 
soluble compounds with all acids; and when in 
contact ivith other bodies, completely resigning its 
properties as an alkali, and becoming capable of 
assuming the most various and opposite fumis. 
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The incroase of nitrogen in tho soil, notwith- 
standing the annual abstraction of a considerable 
quantity in tlie fonn of animal and vegetable pro- 
dncts, may be regarded as a proof that it Is derived 
irom the atmospliere in the form of ammonia. On 
A well-cultivated farm, large enough to maintain its 
cultivators without assistance from other quarters, 
there will be a certain quantity of nitrogen contained 
in the produce of tlie land, and in the bodies and 
excrements of tlio men and animals which feed upon 
them. The whole produce will not be consumed on 
the farm ; a certain quantity of corn and cattle will 
be exported annuaUy ; and though no compounds con- 
taining nitrogen be brought back in return for the 
portion thus abstracted, the quantity of nitrogen on 
the land will be found to have increased after a given 
lumber of years. The nitrogen in the excrements 
cannot reproduce iteelf, and the soil cannot yield it ; 
it must therefore be derived from the atmosphere. 



Source of Ammonia i/i the Aimo/fp/iere. 

The last products of the decay of animal bodies 
are ammmia and nitric acid^ tho fonner in cold and 
temperate latitudes, the latter in hot regions ; and in 
those cases where nitric acid is the residt of animal 
decomposition, the nitrogen must first liave united 
with hydrogen to form ammonia, and must subse- 
quently have }jeen converted by oxidation into nitric 
acid ; for it is only with the greatest difficulty that 
nitrogen can be made to unite directly with oxygen ; 
but ammonia cannot be exposed to the action of 
oxygen without the formation of nitric acid. In all 
climates, therefore, ammonia must be formed by the 
6—8 
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decay and putrefaction of animal bodies, and that in 
large qiiaiititiea. The dead bodit'S of thirty millioiu 
of liuiiian beings, be^dos innumerable millions of ani- 
mals, aimtially yield their nitrogen to the atmosphtiv 
in the form of ammonia, capable of entering iaio 
combination with carbonic acid, and fonuing volatib 
comiK>im(ls. In these volatile eompouiids, and in ib 
gaseous atate, it is extremely soluble iu tyater. h 
will therefore bo dissolved in the aqueous vapour viA 
whieh the air is always charged, and which, 
saturated with moisture, it lets fall as rain. 



Dijficultj/ of detecting Ammonia iy aaalygU of ^ 
Air; its concentration in Matn-water and Siiw. 

It may be calculatctl from certain known dati, 
that a pound of rain water is diffused when in the 
state of vapour through 1 1 ,471 cubic feet of air. Tliii 
is the reason that chemical analyses have failed lo 
detect the presence of ammonia in the atnioapfaere: 
for if one grain of ammonia were contained in the 
aqueous vapour of this 11,471 feet, then the prop* 
tion contained in 10 cubic inches, the quantity usually 
operated upon, must be too small to be appreciable 
hy the most delicate analysis, even were it ten thai* 
Band times greater. But when the ammonia difliisol 
through this 11,471 feot is condensed in a pound of 
nun-water, its detection becomes much easier. If > 
pjouod of rain-water contains only i of a grain, then an 
acre English measure will receive annually I331ba. of 
ammonia, corresponding to lOSlbs. of nitrogen, which 
b more than is contained in the fonn of vegetable 
luten and albumen in the wood, liay, or beet-root^ 
icli grows on that surface, but less than that caa- 
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tsuned in the straw, roots and grain of the corn-crop 
which would be produced on the same area*. 



Ammonia ex^ists in Rain-ioater and Snotc. 

The existence of ammonia in rain-water and also 
in snow has been demonstrated by experiments made 
in the laboratory at Greissen. Since this fact was first 
announced by Dr Liebig, the experiments have been 
repeated by many in France, Germany, England, and 
America; and they may easily be repeated by any 
one who wishes to satisfy himself on the subject, by 
evaporating a few pounds of rain-water or snow in 
a clean porcelain basin or soup-plate, with the addition 
i)f a few drops of hydrochloric acid. When the liquid 
is evaporated nearly to dryness, crystals of sal am- 
moniac will form, which on being treated with slaked 
lime in powder will give out the well-known pungent 
fumes of ammonia. 

The quantity of ammonia present in rain-water 
varies with the season. It is less in the winter than 
in the summer, greater during the first than during 
the last of several wet days, and most abundant of all 
in the rain of a thunder storm after a long continued 
drought. It was found also in the experiments at 
Geissen, that the lower layers of a fall of snow ten 
inches deep contained more ammonia than the upper 
layers, which of course fell the last. 

■ It has already been stated that 26,910 square feet En- 
glish measure, receive 770,000 lbs. of rain in four months, or 
2,310,000 lbs. annually. An English acre, or 43,5C0 square 
feet, must therefore receive 3,739,264 lbs. 
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I A MM 
Preaettca of Ainmmtia ia the Juiceg »/ Planit. 
Not only lias Dr Liebig demonstrated the preeeiKe 
^ of amniouia in rain-water, but he has ascertmned thM 
it exists in tlie juices of plants, fronj which we mvf 
conclude that it is taken up with rain-water by mean 
of the roots. Tlie discovery was unexpectedly nodi 
by him while engaged in investigating the quaii% 
of sugar cont^ned in the juices of several ^'arieties if 
inaple growing upon soils that were not mamtn^; 
when he found tliat a great quantity of ammonia m 
emitted by the juice on being nabted with lime in the 
process of cr)'stalliziiig and refining the sugar, H( 
afterwards extended these obser>-atioDs with the sum 
results to the juice of birch-trees grown in a wooi 
several miles from any habitation. Ammonia vu 
detected by the name means in the water tliat exudtt 
from vines that bleed, as it is called, when newly cut 
In these cases the ammonia was contained in iht 
juices of the stem ; but it exists in every pari of 
plants— in the roots, as may be known by the aniell 
of ammonia in manufactories of beet-root sugar, vieH 
large quantities of the juice are purified with lime ft 
free It from vegetable albumen and gluten, bdcM 
evaporating it for ciystallization — in the unripe gdft- 
tiuoufi pulp of the almond and peach when tr^Md 
witli an alkali — in all blossoms and unripe fruit, in^ 
in the leaves of tobacco. 

Tie wee of Ammoiiiacal Manures j}roves that Plant! 
received their Nitrogen iit the form of Ammonia. 

Another proof that the nitrogen of vegetables IB 
lierived from anuiionia, is found in the fact, that the 
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use of animal manure, by increasing the quantity of 
ammonia supplied to the roots of a plant, increases 
not only the number of seeds produced by the different 
kinds of com, but also the proportion of gluten con- 
tained in the seed. Wheat, rye, and barley, contain 
different quantities of gluten; and the proportion 
varies even in the same kind of grain, as will appear 
by the comparison of the analyses of them by several 
eminent chemists. 

The following are the quantities of gluten con-^ 
tained in the wheat of different countries : 

French 12.5 per cent. 

Alsace 17.3 

Sarbary 19 

Sicilian 21 

EngUsh 24 

Wheat grown in the ^ ^ ^ 

Jardin des Plants ( 

That these various proportions are to be ascribed 
to a difference in the quantity of ammonia supplied 
to the plants under different modes of cultm-e, may be 
concluded from the fact, that wheat grown on land 
manured with cow-dung, which contains the smallest 
quantity of nitrogen, yielded only 11.95 per cent, of 
gluten, while 35.1 per cent, was obtained from wJieat 
manured with human urine, which abounds, when in 
a putrid state, in the carbonate, phosphate, and lactate 
of ammonia, and contains nitrogen in no other form 
than that of ammoniacal salts. In the solid excre- 
ments of animals there is less niti*ogen than in their 
urine ; there is less also in that of horses and homed 
eattle than in that of carnivorous animals, and of the 
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human sjiccies, which is therefore the most powerful 
manure for vegetation, requiring tiinch nitrogeu, 
Himian urine cont^ns nitrogen in the form of am- 
ninuia, and urea, which latter is converted durio; 
putrefaction into carlwinate of ammonia. These ^ts 
pla<?e in a strong light the importance of liquid mv 
uures in general, and of human urine In particular, 
which, though they have been long used and hi^y 
prized in Flanders, Germany and China, are in this 
coimtry most unaccountably neglected. But as this 
subject will come more properly imder consideration, 
when treating of manures, it will be reserved for future 
discussion. 

fiffpmM Jixes the Ammoaia of the Atmoaphen. 

The benefits derived from the use of gypsum and 
burnt clay as manures depend on properties wluch 
they possess, and which will be more fiilly explained 
horeafler, of fixing in the soil the anmionia whiuli 
exists in rain-water as the carbonate, one of its miMt 
volatile forms, and which is therefore exti-emely liable 
to be dissipated by evaporation. Gj'psum decompiKes 
this carbonate, and converts it into sulphate of am- 
innnia, a soluble but not volatile salt. Burnt clay 
pevfoniis a similar office towards the ammonia con- 
veyed to the soil with the rain, owing to proper^ 
which the oxides of iron and alumina contained in it 
possess of attracting ammonia from the atmosphere 
and retaining it. 

Powdered charcoal surpasses all other substances 
ill the power which it possesses of absorbing gases in 
its pores. Decayed oak-wood approaches very near 
to charcoal in this respect ; and as humus is, as was 



ft 
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before bIicwii, notliing but woody filire in a decaying 
state, we may see in this fact another cause of the 
beneficial action of the hitmii» of tlie eoil on pUntn : 
it not oiiiy supplies them with an atmosphere of car- 
bonic acid,' but is one of the means of procuring for 
them the nitrogen necessary for their perfect dcvelope- 
ment. 

The Alkalleg and Al/talhis Eaiifu faaiul In Plants 
ensiiittal to titeir ejiistfna: 

Having Bhenn from what sources and by what 
means plants obtain the four elementary substances 
which constitute the principal part of all vegetable 
structure, namely, their carbon, oxygen, and hydrogen, 
from the decomposition of water and the (.-arlKinic acid 
of the atmosphere, and their nitrogen from ammonia, 
which is the product of the decomposition of animal 
Eubatances, and is conveyed to them dissolved in rain- 
water, Dr Liebig proceeds to investigate the func- 
tions in the vegetable economy perfoiTOod by those 
inorganic bases, potassa, soda, hme, and magnesia, 
which are found in the a^hes of all plants, and which 
some have supposed to be generated by them, while 
others regard them as mere accidents derived from 
the soil. The views which he entertains respecting 
these inorganic bases are as novel and important as 
those which he has promulgated respecting the func- 
tions of humus. He contends that tlioy are essential 
to the gi-owth of plants, and that differeut families 
of them refjuire some one base, some another. 

The following are the reasons from which he con- 
cludes that they are essential to the perfect develope- 
ment of the vegetaljle structure. 
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1. Certain nrgaaic acids are (leculiai* to certaia 
Tamilies of plants, and aro constantly present ui thant 
they must therefore be con^dered essential to Qxat 
existence ; and aa they aic always combined with ia- 
organic hoses, those bases must liliewise be esseutiaL 

2. Some of the alkalies and alkaline euths 
appear more appropriate than others to certain tribes 
of plants ; and though these vary to a certain a- 
tent with the nature of the soil, and though one hue 
may be siitetitutcd for another, tlie anioimt of oxygai 
contained in all the bases is the same as it wouU 
have been had no such substitution taken place, and 
depends upon the capacity for saturation of the »■ 
ganic acids contained in the plant. 

3. ^^'hen the alkalies in a soil hare been ei> 
haunted its fertility diminishes until tho alkalies an 
l-estored. 

4. If these bases were not necessary to the 
growth of plants, they would be separated as excre- 
ment, and returned to the soil when accidentally taken 
lip by the roots, 

T, Constant pi-esence of organic Acidt in con^vaaffM 
with inorganic bases. 

Most plants, if not all, contain organic audi 
combined with potassa, soda, magnesia, or lime; for 
organic salts always yield carbonates by iucineratimii 
and the ashes of all plants contain carbonates of 
alkalies and earths. These bases regulate the fonn*- 
tion of the acids ; for tho diminution of the one a 
always accompanied by the diminution of the 
for instance, tlie quantity of potassa as well 
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quantity of tartaric acid is greater in the iinripe tliun 
in the ripe state of the grape. 

The acids are alwaj-a pi-osent ; they are nuin- 
abundant in those organs which produce eubetaneea 
conveyed to them for assimilation, than in those in 
which the process of assimilation is more active ; (in 
die leaves, for example, than in the branches, and 
fca the branches than the stem) — ^they are always in 
the form of salts of Inorganic bases ; and as some of 
diem are peculiar to certain families, the tartaric acid, 
fiw instance, to the vine, the oxalic acid to wood-sorrel, 
we must regard thera as exercising an important in- 
fluence In the developement of the fruit and seeds. 
and as performing other fimetions with the nature of 
which we are unacquainted. But If the adds are of 
this importance, of the same importance to the vege- 
table economy must the liases be, for the two an* 
invariably combined. 

II. InvanabUiiff of the quantity of Oatygeti contawfif 
in the alkaline bases. 

The alkaline bases occur in plants in the form of 
acid, not neutral salts ; and on this circumstance de- 
pends the quantity of alkaline bases, because as the 
capacity of acids for saturation is invarialile, and as 
there is no reason to suppose that a plant In a state 
of nature produces more acid tlian Is necessaiy, it 
must contain an invariable quantity of alkaline base. 
But the capacity of an acid for saturation, or the 
power of a base to neutralize an acid, depends upon 
the quantities of oxygen contained in them, which, by 
the law of definite proportions, must either be equal 
or multiples of one another. One equivalent of pro- 
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Ioxi<ie of iron, for instance, coiiiblnea with one equiva- 
lent of sulphuric acid. Tlie first contains one, the 
other tliree equivalents of oxygen. The quantity of 
oxygen in the one is therefore a multiple of the 
quantity contained in the other. Again, one equiva- 
lent of sulphuric acid combines with three equivalents 
of peroxide of iron containing three equivalentB of 
oxygen, The oxygen of the base and acid are infhia 
case er|ual. 

When also an acid combines with a number of 
difFerent bases, as potassa, Boda, lime. Sec, however the 
quantity of a base may vai-y the quantify of on^en 
contained in them collectively is the same. We m^ 
cx|>ect, therefore, laws of combination in definite pro- 
portions to govern the inorganic matter which enters 
into the organs of plants, and to produce the same 
results ; for the vital principle doeB not alter tlie kns 
under which chemical forces act, it only directs tliar 
action in subordination to those laws; and accordingly 
\\i- find, that though of two plants of the same kind 
gi-owing on different soils the ashes of one may con- 
tain a base which is not present in those of the other, 
and though the proportions of those bases which are 
eoinmon to both may widely differ in the two caaee, 
yet the amount of oxygen contained in the alkaline 
bases of each will be the same. 

The ashes of a pine-tree from Mount Breven «»■ 
taiiied in 1 00 parts, 

( 'arbonate of potassa 3.60 containing of oxygen 0.4! 

lirae 46.34 7.33 

6.77 1.27 
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On the other hand, the ashes of a pine from Mount 
La Salle yielded 

Carbonate of potassa 7.36 containing of oxygen 0.85 

lime 51.19 8.10 

magnesia 00.00 0.00 

58.55 8.95 



These two nmubers, 9.01 and 8.95, are so close an 
approximation to one another, that they may be re- 
garded as identical. 

The ashes of two fir-trees grown, the one In Al- 
levard (department of the Isere), the other in Norway, 
exhibited considerable difference in the quantity of 
soluble ashes which they yielded, the one containing 
50 per cent., the other only 25 per cent. 

The ashes of that from AUevard consisted of 

Potash and soda 16.8 containing of oxygen 3.42 

Lime 29.5 8.20 

Magnesia 3.2 1 .20 

49.5 12.82 



Deduct the oxygen contained in the bases of] 
the hydrochlorates, phosphates, and sul- I 1,20 
phates, of which the above partly consisted j 

Oxygen of cai'bonates 11.62 



r 



^ 



The aaties of the fir from Norway coutaioed n 
100 parts, 

Potash 14.1 contaiDing i>f oxygeu iA 

Soda 20.7 '. 5,3 

Lime 12.3 3.4-5 

Magnesia 4.35 1,69 

51.45 12.6* 



Deduct the oxygen contained in tlic bases 
of the siilphatca and phosphates as he- 
fore 

■^ Oxygen of carbonates 11.17 

The quantity of oxygen contained in the <^Ao- 
nates, the bases of which had been united with oiganic 
acids, were again in this case such cloaely approxi- 
mating numbers as 11,62, and 11,47. 

The form in which silica, manganese, and ircfl, 
enter into the composition of plants, and what fiuic- 
tions the two latter perform in the vegetable ecoooniy. 
is not known, Dr Sprengel, a chemist, who Iiaa been 
long employed in endeavouring to point out the im- 
portance of tlie inorganic ingredients of a soil to the 
developement of the plants cultivated upon it, considen 
manganese and iron to be as essential to vegetable life 
as the alkalies ; an opinion in which Dr Liebig dofS 
not concur, because they are found only in the form of 
excrementitioiis matter in the bark, and never enter 
into the composition of any organ. But potassa, soda, 
magnesia, and lime (when the laat is not present as 
an insoluble oxalate), exist in all plants as soluble 
salts of organic acids. Oxalate of lime, which is found 
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in lichens, is in them a substitute for woody fibre, and 
must therefore be regarded as essential to their ex- 
istence ; and this is an additional argument in favour 
of the soluble organic salts performing offices of equal 
importance to those plants in which they occiU". 

III. PlartU ciyntaining th» smallest quantity of alka- 
line hoses flourish in the greatest varttty of toils : 
and the ferliUty of exhausted soils mat/ be restored 
by a fresh supply of Alkalies. 

We have seen in the examples above given, that 
one alkaline base may be substituted for another, and 
that when a plant does not find in tho soil its ap- 
propriate alkali, its place may be supplied by others 
possessing similar propertiea. The substitution of one 
alkali for another can only take place to a certain 
extent. Corn and vines require a soil containing 
potassa. Saline plants only flourisli where they cao 
obt^n soda. No corn-bearing plant can produce seeds 
yielding flour without a large supply of phosphate of 
magnesia : the roots of potatoes contain much phoOr 
phate of magnesia and ammonia, and a Httlo potassa, 
Tn some plants, but we know not in how many, soda 
and potassa may be replaced by lime and magnesia. 
With an abundance of lime in the ashes the mag- 
nesia decreases ; and as the magnesia increases the 
lime or potassa diminishes. In some plants not a 
trace of magnesia is to be found. 

Plants which contain but a small quantity of al- 
kalies will grow upon a greater variety of soils than 
those which contain abmidance of them. 

100 parts of oak-wood yield 2.^0 parts of ashes 
. . . fir-wood ... S3 
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and we find that firs will flouririh on barren sandy 
ftQila where oakii, wliich require bo much more alkali, 
will not grow. 

All the grase tribe (iacluding the eerealia, or cont 
licaring plants) which contain niueh silicate of potass 
in their leaves and stalka, abstract a coosidcrable 
rjuantity of it from the soil ; this ia returned with the 
straw of lanii-yard manure to arable laud, but not 
to unmaniu'ed meadows, and therefore sandy aak 
which contaiu little potasli eeldoni produce a etrong 
ciop of grass. 

Irrigation supplies the grass of meadows with po- 
tassa dissolved in water. 

Gypsum preduccs large crops of hay, and thus 
causes it to abstract potassa from the soil faster ttuD 
it can be supplied by the decomposition of the minerals 
of which it is composed. The consequence is, tiiit 
after the lapse of a few 3ear8 the hay cropa diminish: 
but the application of wood-ashes, which abound in 
potash causes the grass to grow as before. On bairen 
sandy land heath and iSr-trees find sufiicicnt potafili 
for their own naiits, though the soil does not con- 
tain enough to jjrodiice a crop of grain. On a heatli 
of this description near Lunenberg a corn-crop ia ob- 
tained once in thirty years by moans of the ashes 
of the heath-plants, which during that period have 
accumulated po(a.<?sa. Similar results are produced oa 
forest-land neai- Heidelberg, by means of the ashes 
of the branches, roots, and leaves, which are burned 
after felling the trees; and without this manm-e no 
corn-crop can be I'aised. In a vineyard near Bingen 
on the Bliinc the «ncs having been forced for several 
years by powerful nitrogenous manures destitute of 
potassa, their produce was found after a time to 
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(liiiiiiiitih ; and, on tli« utber IiaDd, vlueyarda which 
have been dressed with cow-dung, a manure whieh 
contains much potaesa, though little nitrogen, have 
inaintained their productiienesa for more than a cen- 
tury. 

Wormwood, which contains much pota>^sa, having 
been grown for the purpiise of manufacturing the 
carlionatc of that alkali, tlie consequence was, that 
the soil thus deprived of it waa rendered incapable 
of producing com for many years. These facts afford 
conclnsive evidence that the alkalies contained in 
plants are essential to thcii* growth. It is therefore 
almost superfluous to adduce the following argunicnt. 

IV. The Alkalifi, if not esseiilial, would be 
eepamied as excrement. 

The roots of plants imbibe, like a sponge, all 
substances presented to them in a state of solution. 
What is suited for assimilation is retained by them, 
what is superfluous is rejected as excrement. That 
plants possess the latter power was proved by experi- 
ments, in wliich they were made to vegetate first in 
a weak sohition of acetate of lead, and then in rain- 
-n-ater. The latter was found after a time to have 
i-eceived from them all the acetate of lead which they 
had previously imbihed. A plant growing in the open 
air and sprinkled with nitrate of strontian absorbed 
the salt, but separated it again and deposited it in 
the soil, and the nitrate being removed further from 
the roota by every shower, not a trace of it could 
he found ill the plant. The ashea of the fit-tree 
before mentioned grown in Norway, contained no com- 
mon salt, though it must have been conveyed by every 
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to the roots and absorbed by tliem ; tlie onlj 
explftnation of thid fact whicli can be offered ia found 
in the experiments above mentioned, which prove thit 
plants havti the power of excreting substances taku 
up by the roots which arc not necessary to their 
existence, and therefore that those which tht^yreUifl 
are indispensable. These considerations sliew tlie im- 
portance of an accurate analysis of the ashes of thow 
species of plants which we cultivate, if we would 
supply tliom with the nutriment which they require. 
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SECTION III. 



iILS— THEIR PERMANENT IMI'UOVE- 
MENT. 



A mixture of the eartlis essential to fertility — natural prow** 
by whicli this mixliu'c has beeu cfiectcd — duriug tbe ttl- 
uialian of rookH — aai in the loose covering s^irffflj cm 
them — fertility increased by nrtifitifll inistures of the wfr 
stituontu of Boila — "claying" in Norfolk — imporlnnce of« 
knowledge of the constilucnta of soils — tabular view of 
the sunlysea of tbe most fertile soils — of those of medium 
fertility. 

A nmiufe of the mrthi essaiiial to the /ertUiig 
of a soil, 

Undbu the guidance of Dr Liebig we have learaal 
that the atmonphei-e and water furnish our crops lA 
the greater portion of the elements which enter iota 
their composition, and that from the soil they obtaR 
certain inorganic substancen, which, though tak«i op 
in very small quantities, are essential to their com- 
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plete developement ; and we are now prepared to enter 
on the consideration of soils and the art of cultivating 
them. The great object of this art is to promote 
«n extraordinary developement of those parts of plants 
which are of use to man as food for himself and his 
dependent animals, or as articles of commerce ; and 
Oda is done by supplying them with the nutriment 
necessary for this purpose beyond that quantity which 
in a state of nature they could obtain from the at* 
mosphere and the soil. 

The chief constituents of soils are silica or silicic 
acid, Ume, and alumina. * Neither of the two first in 
their pure state constitute a fertile soil. The sterility 
of sand is proverbial; extensive tracts of chalk 
occur in France, which are from their poverty almost 
uninhabited ; and the chalk districts of England sup- 
port but a scanty population compared with that of 
other portions of the island which are as exclusively 
devoted to agriculture. Of calcareous tracts, those 
limestones afford the most productive soil which con- 
tain a portion of alumina. 

This mixture effected by nature in the formation 

of Rocks, 

All soils are formed by the disintegration, or 
crumbling, of rocks ; and if they consisted exclusively 
of the materials of that on which they rest, their 
barrenness or fruitfulness would be regulated entirely 
by that of the rock from which they were derived ; 
but a mixture of their constituents has been effected 
by various natural processes. The rain which falls 
upon the surface bears with it into the lines of drainage 
a vast amount of fragmentary matter, which is trans- 
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ported to different distances proportioned to tlie 
lUftgnitiido uf tbe fragments and the declivity of the 
ground, on which depends tlie velocity of the curreiit; 
gravel is first deposited ; as the transporting power of 
the stream dimtninhes, sand is Immc furtJicr ; md s 
vant amount of matter, so finely dividc?d tlmt it is held 
in suBjwusion by currents of only moderate velocily, is 
Ixirne onwards till it reaches the sea. In favounUe 
Bituatioiis, that is, in the broad parts of rivers, parti- 
cularly near their moutlis, where the velocity is dimi- 
nished, a considerable portion of this finely-divided 
matter, collected from various quarters, is depooled 
on the shores, nnd forms tliose ricli alluvial tracts, 
so nuicli coveted by the farmer, which will bear re- 
I»ate<l crops without manure. Such soils coutain ft 
large portion of fine siliceous sand mixed with titt- 
uiina and oxide of iron ; these form the ingredieDU 
which aiv present in the greatest abundance, but tb^ 
contain also, though iu much smaller quantities, lime, 
potassa, soda, and magnesia, in the form of carbo- 
nates, phosphates, sulphates, and chlorides, together 
with a little vegetable matter iu a state of decay ; the 
Dction of the last, till the publication of Dr Lietng's 
work, was not understood, and was supposed to be 
the sole cause of their fertility. Of the materials 
borne out to sea, some are carried by currents to 
more distant shores, where tliey form similar tracts of 
alluvial land — some are deposited in the bed of the 
ocean, where thoy are forming strata containing tlie 
remiuns of fishes, corals, and shell-fish, like those rodn 
which form so large a portion of our present conli- 
nents. There being conclusive evidence that Uiese 
rocks liave been derived from the wearing down (rf 
older rocks, and transported by the agency of rircis 
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into lakes and seas, the beds of whicli liave been 
converted into diy land by processes of elevation wbieli 
are now in action, or by otiiers in which forces of 
greater intensity have been exerted than any whicli 
have occurred within the range of htima,n experience, 
it follows tliat even in the purest siliceous, calcareous, 
or aluminous rock, there must be Bonie slight mix- 
ture of the different earths. But this mixture ha» 
not only been effected by the means we have described, 
as employed in the formation of the stratified rocks, 
and of alluvial tracts, on the banks and near the 
mouths of rivers, which liave either been left by the 
sea or reclaimed by the hand of man ; even in more 
elevated regions, near the source of the drainage 
waters, an intermixture of the Ingredients of two con- 
tiguous rocks will take place near their junction in 
the soil resulting from their decomposition, and will 
produce in general more fertile land than tliat com- 
posed of the immixcd debris of either. 

The fundamental rocks in the vicinity of Hazle- 
mete consist of the Lower Green Sand, which rising 
from beneath the chalk, constitutes the Iiills of Bhick- 
down, HIndhead, &ic. and the weald clay, a rock still 
lower in the series, which, emerging from beneath the 
Green Sand, spreads over that wooded tract known as 
the Weald of Sussex and Kent. Neither of these con- 
stitutes a good soil, but at their junction we generally 
find a narrow stripe of land of better quality than 
either, more easily worked than the clay, and which 
^elds better wbeat-cropa than the sand. 

Mixture of earths in the loose covering of the earth. 

The mixture of the decomposed materials of which 
soils are formed has been further effected by another 
process of nature. It is only in certain situations that 
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^^^Vsce the mcka which form the aolid framework of 
^^^H eniHt of the gtobe. A loose covermg ts cxt^- 
^^^my Hpivail over them, consisting for tlie most put 
of the decomposed materials of the rock immediatd; 
below, mixed «-ith fragments which have been bfinie 
from a distance — sometimes hundreds of miles — bj 
powerful currents of water which have swept orw 
the surface at an epoch, which, though in geological 
chronologj' it is comparatively recent, was most po- 
bahly antecedent to the creation of the human ra« 
and of those species of plants and animals ami*t 
which we live. 

Thick masses of this loose covering of far-trans- 
ported fragments, mixed with a much larger proportion 
of those of the subjacent and adjoining strata, tat 
lodged in situations on the flanks and summits of hills 
far beyond the influence of the existing lines of drain- 
age, arc spread over the slate-rocks of North WaH 
and the New Red Sandstone of Cheshire and Shrop- 
shire. Large blocks and pebbles, and of course much 
smaller fragments, are found in it, which can be traced 
to no nearer source than the granite of OumbertuiS, 
or the limestones which occupy the intermediate 
countrj'. Fragments of a kind of clialk peculiar to 
the county of Antrim in Ireland, have been fonndin 
the south-west extremity of Caernarvonshire. But for 
this loose covering of far-transported materials, large 
portions of the districts in question would consist rf 
nothing but a barren surface of hard and naked rocfcB, 
Another example of the beneficial effects of theea 
extraordinary currents by which the dry land appears 
at that epoch to have been overwhelmed, is furni^ed 
by a fertile tract which extends from near Sitting- 
birame to the foot of Boughton-hill, bounded on the 
by iiiB estuary of. the Thames, and on 
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south by the chalk-hills. The soil is a calcareous 
loam, formed of the mingled ruins of the chalk, of 
that stratum of clay called the London clay, and of 
the sands and gravels which occur towards its lower 
part. The superior productiveness of this tract of 
country to the bare sides and summits of the chalk- 
hills, or to those points where the surface consists of 
uncovered clay, as between Boughton and Canterbury, 
or of sand and gravel, as at Bexley Heath, is visible 
even to the passing traveller. 

fertility increased by artificial mixtures of the earth. 

For the improvement of barren soils we have only 
to copy those natural processes by which an inter- 
mixture of the various earths has been effected, and 
by which the great Author of Nature has provided 
that many districts should be rendered fertile which 
would otherwise have been barren, and that the early 
physical convulsions to which the earth has been sub- 
ject should prepare it for the abode of the human 
race. 

In a case like that of the Weald clay and the 
Lower Gi'een Sand, for instance, there can be no doubt 
that a dressing of the clay would fertilize the sand 
by communicating to it a portion of that potassa 
which all aluminous soils contain, and siliceous soils 
require, and that the sand would be beneficial to the 
day by rendering it more mellow, more porous and 
permeable to air and moisture^. Unbumt chalk would 
have the same effect, and would also communicate a 

• The addition of clay to sandy soils increases the quantity 
of potash contained in them, and thus produces an improve- 
ment in theii* chemical constitution. The addition of clay to 
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[>ortion of lime to a soil deficient in that earth, Clialk 
at the rate of from 20 to 10 tons per acre has long 
been used witli great advantage in this form on the 
London clay of E89ex. IIow far the improTemeol 
efftx-ted by such mixtures will be commensurate with 
the expense, niu»t depend upon local circumstancea 
regulating the cost of carriage. In general, the saai 
on the borders of the weald could be conveyed to 
the clay at a cheaper rate than the clay can be con- 
veyed to the sand, because from their relative situations 
the carriage of the sand would be down hill. 

It wilt frequently be found that the subsoil con- 
tains at a very slight depth a larger portion of those 
eartlia and alkalies which are essential to the growth 
of plants than are found in the surface soil : toil 
that a mixture of the two will be beneficial. 

Clayhi^ Bands in Norfolk. 
Such a mixture has been made with the greatest 
success in Norfolk. So large a portion of the 8U^ 
face of that county consists of sand, that one of oUf 
monarclis is reported to have said of it, that it ffw 
only fit to be cut up into roads for the rest of the 
island. The rock below these sands is m some parte 
chalk, in others London clay; and between the sand 
and the rock a mass of drifted materials is inter- 
poeed. This transported matter consists at some 
points of gravel, in others of fragmentary chalk mixed 
with a variable proportion of clay, " Clay " is 
local name for this last variety, which is so generally 
distributed that accumulations of it arc to be found 
■and merely produces mccliani«ul improvement liy iiicreaMU|[ 
the porosity of the soil, unless the sand consists pnrtly of 
(flleareona mftller. 
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at the depth of a few feet below the surface, in 
almost every field; and by claying the land at the 
rate of about 150 cubic yards to the acre, large 
fortunes have been inade by men who liad leases of 
considerable tracts of poor land, the value of which 
was raised by the process from a rent of 3«, and 
St. the acre, to upwards of 20s. 

The practice commenced during tiie latter hall' of 
the last century, and Ls said to have been introduced 
neither by a practical nor a scientific man, but by 
one whom his neighbours called in derision the ''sky 
farmer," intimatmg that he and his farming dropped 
from the clouds. Ho was a London shopkeeper, who 
having purchased or iidierited a small property in the 
county, retired to it and commenced farming with 
very little knowledge of tlio business. Farm-yard 
manure ran short with him, and thinking that one 
substance carted on the land was as good as another, 
he finished dressing a field with the clay escarated in 
digging a pond. The supeiiority of the crops raised 
on the land so treated, attracted the attention of his 
neighbours, and the practice was generally adopted 
in that and the adjoining counties, wherever a similar 
subsoil existed, causing land which before produced 
no otiier grain than rye or barley, to yield a crop of 
wheat every fom'th year, 

Imporiance of a knowledge of the eomtitv^B of soils. I 

This system originated as we liave seen, in a ' 
blunder of its inveutor, and in bis ignorance of the 
business into which he introduced so vast an im- 
provement. It holds out inducement to experiments ■ 
on the mixture of different contiguous soils, but it by M 
'. 6 .^^ 
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ao ineaiis pwres tlK neoessity of attch experiment 
being vaAa Ab ifirection of ^norance. or committed 
to dmue. For any thii^ the " sky fenner'' knew to 
tlie cmitnuy, he might have been spreading on iw 
hnd a snb^taoce prejadicial to rcgetatioa. Had Qa 
day contained much protoanlphate of iron, this would 
have been the case. If we deviate from established 
usage, we onght at least to have some good reasons 
for doing eo; and those are only to be found in a 
knowledge of the substances which plants derive from 
the soil, and whether those sabstances are present in 
the 6ofl or not. There are hundreds of situatiooB 
where experiments of the same kind would be equally 
successful ; but the only rational mode of conductii^ 
them is, to commence" by having an analysis of tbe 
soil and subsoil made by some experienced chemist, 
who, in giving the constituents of the surface soil 
WDold point out what substances were wanting in it, 
and whether they were contained in the subsoil. If 
not present in that, they might be sought, and would 
in all probability be found as constituents of nei^ 
honring soils and rocks, and then the only question 
would be, whether the benefit to be derived from 
them would be commensurate with tbe expense, « 
whether they might be supphed at a cheaper rate 
by other means. 

There can be no doubt that tbe fertility of a soil 
is much InBuenced by its physical properties, such « 
colour, porosity, state of diaintegration, and attraction 
for moisture; but independently of these, it depends 
on the chemical constituents. 

The importance to the perfect developement of 
plants, of organic acids generated from nutrii 
Aved jVom inorganic substances, and by 



'elopement of 
nutriDuql^fafl 
f conse^^^H 



r 



SBCT. III.] OF CONBTITUENTB OF SOILS. 123 

the importance of the alkaline bases with which they 
are always associated, and without which tliey cannot 
be formed, has been shewn in the preceding section. 
We also find these alkalies associated with certain 
inorganic acidfl, such as the sulphuric, silicic, and 
phosphoric, which they derive from the soil ; if there- 
five the bases necessary for the production of the 
organic salts, or the acids and bases of the inorganic 
salts be not present in the soil, constituents indispen- 
sable to the formation of the juices, leaves, and fruit 
o! a plant will be wanting, in other words, the plant 
cajmot grow in that soil. The bases necessary for the 
ffHunatioQ of these salts, are not, however, the same 
in all plants. Saline plants contain soda only, some 
Boda and potassa, othei^, as com, require potasea, hme, 
and magnesia. It is the same with regard to acids ; 
some plants must have lime and magnesia in the form 
of phosphates, some must have thoir alkali combmed 
with silicic acid ; while in others it must be in com- 
bination with a vegetable acid. Upon these circum- 
stances depends the greater aptitude of a soil for the 
growth of one plant than another. The application 
of manure is made with the view of supplying to a 
soil those elements in which it is naturally deficient, 
or of restoring to it those of which preceding crops 
have deprived it, Our attention will be at present 
confined to the first, by which we seek the perma- 
nent improvement of a soil, by the application of clay, 
maii, lime and other mineral manures. The efficacy 
of these arises, not only from their supplying what is 
deficient, but from their bringing into a state of ac- 
tivity substances ah-eady existing in .the soil, though 
in an inert state ; or fi-om their decomposing some 
noxious ingredient contained in it. 

6—2 
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In our endeavours to improve a bai-ren soii, the 
mait natural, practical, and economical mode of pro- 
ceeding will be, an examination of its constituents, 
and a comparison of them with those soils of superior 
fertility, which will bear repeated crops without ma- 
nure ; and which may be regarded as the stamkrd of 
the condition to which we would raise other soils, as 
nearly aa circumstances will permit. We have no good 
analyses of the soils of England. Several wore made 
by Sir Humphry Davy, but they can only he regarded 
as loose approximations, since he failed to discover in 
the most fertile, phosphoric acid, soda, potasaa sod 
manganese, which subsequent analyses have shewn Id 
be present in soils of that description, from every re 
gion to which the investigation has been extended. In 
this department of chemistry, great improvement has 
taken pUce since the time of Sir Humplirj' Davy, but 
the chemists of this country are even yet far bebinl 
those of Germany in the analyses of soils. 

Tabular view of the analyses of fertile scnlt. 

Liebig has given, in the second edition of his voA 
on the application of chemistry to agricultm-e, the con- 
stituents of a great variety of soils from analyses mada 
by Dr Sprengel, who is celebrated for his skill m tHs 
branch of analyses, and for the laborious research bj 
which he has long endeavoured to establish the ii 
poi-tance of the inorganic constituents of the soil on 
the developenient of plants. 

From these analyses I have selected eight of thoM 
of the most fertile soils, and have combined them ifi 
a table, in whicli the relative quantity of a given con- 
stituent in each may be seen at one view. The dis- 
tinctive peculiarities of each soil are separately e.t- 
pl^ned below. 
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I. Is tbe analysis of a heavy aHurial soil from 
Norden, taken at the depth of 10 inches, from a 
Geld which had received no manure for several years, 
and had previously produced in succession bsriej, 
beans, wheat, and grass ; the latter for tn-o jeare, 
It is remarkable for the extraordinary quantity of the 
eoda contained in it, which is in combination mtli 
silicic acid. The depth of the soil (18 inches) com- 
pensates for the small proportion of sulphuric mi 
chlorine, and potash, as the roots have thus aa ex- 
tensive range to extract them from. 

II. Another heavy alluvial soil frora the aanu; 
locahty ; depth from which the specimen was taken, 
10 inches. The field had received no manure fa 
five years, and had produced since it was maoiued 
wheat, rye, and beans; all plentiful cropa, and of 
excellent quality, Tbe presence of so small a por- 
tion of gypsum in a soil capable of growing Ijeans is 
considered by Dr Liebig remarkable, and attributed 
to the groat depth of the soil. 

III. A very fcrtOe alluvial soil &om Honigpoldff. 

Cora had been grown on it for seventy years with- 
out manure, but with occasional tallows. The sal 
consists of the same constituents, to the depth ot 
from 6 to 12 feet, and when one portion ia cxhaustd 
fresh layers are brought to the surface. In tliis and 
the two preceding, the potassa and soda were chiefly 
combined with silicic acid. The phosphoric and sul- 
phuric acids were in combination with lime. 

^B IV. The soil of a field celebrated for ita^ 
^H^ of hemp. 
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y. The surface soil of a reiy fertile field ia 
Belgium, which had not been mannred for twelve 
years, and has been for the last nine under the fol- 
bwing rotation. 

1. Wheat. 

2. Barley. 

3. Potatoes. 

4. Winter barley. 
6. Clover. 

6. Winter barley. 

7. Wheat. 

8. Oats. 

9. Fallow. 

The soil had more of a clayey than a loamy cha- 
racter, and was of a very fine grain. The potassa 
was principally combined with silica. Water ex- 
tracted fix>m it, 

Potash 0.003 

Soda 0.013 

Lime 0.002 

Magnesia .... 0.012 
Sulphuric acid . 0.009 
Chlorme .... 0.003 

VI. Surface soil of alluvial land in Ohio, North 
America, remarkable for its great fertility. Much 
magnetic iron sand is included among the oxide of 
iron. The phosphoric acid was in combination with 
lime and oxide of iron. The sulphuric acid was also 
combined with Ume. 

VII. A the constituents of the soil, and B those 
of the subsoil, of a mountainous district in Ohio, 
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also distinguished for its great fertility. The potassa 
was chiefly in combination with silica. 

Tahdar view of sails of medium quality. 

I shall now place in one view the analyses of 
seven soils of medium fertiUty, which are described 
as bearing good leguminous crops when manured mA 
gypsum. They were light loams and sands, whidi 
in this country would be considered good turnip and 
barley soils. 
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^H^ BOILS OP UEDIUM QUA.LITT. [pAST U. 

I. A the t^urFace, and B the subsoil of s fine 
gnuDed loamy soil from Gandersheim, which is &h- 
tinguished for its remarkably fine crops of bema, 
|>eas, tares, &c. when manured with gypsum. 

II. A loamy sand from Brunswick, celebiated 
for the excellent crops of hops, which it has home 
for many years. Hops require considerable quantitia 
of potassa, soda, phosphoric acid, sulphuric acid, lime, 
and magnesia; none of which abound in this soB, 
but it is of considerable depth ; and hops and all otha 
plants whoso roots strike deep into the eartli, are 
enabled to flourish on soils, which on the surface 
comparatively poor in the ingredients which they re- 
quire. 

III. A the soil, and B the subsoil, at the deptb 
of 1 8 inches, of a loamy sand from near Bnuiswick, 
which Ijears good crops of red clover and legnminoBS 
plants, when manured with gj-psura. Com is rerj 
liable to rust and mildew of the straw on this 
It contains phosphate of iron, which Js also contameJ 
in the rust of the straw. Other soils on which the 
com was liable to that disease, were anal}-aed, and 
found to contain phosphate of iron. A portiim J 
such land was removed to another locality, and mad* 
into an artificial soil 15 inches deep. The barley 
wheat sown upon this were attacked by rust, whifai 
the barley growing on the rest of the field vraa frte 
from it. 

IV. A the soil, and B the subsoil of a sand; 
loam from the vicinity of Brunswick, &mous for es- 

coUont crops of clover, rye, potatoes, and haifas 
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but the clover must be manured with gypsum. The 
inferior portions are nearly of the same constitution 
as the upper, and therefore it is favourable to the 
growth of deep-rooted jJanta» 

V. The subsoil of a loam from the depth of 18 
inches, also near Brunswick. The surface soil bears 
excellent clover when manured with gypsuip, though 
it only contains a trace of sulphuric acid. At a 
gceater depth than 18 inches the subsoil passes into 
a Hiad, contaming 20^ per cent, of carbonate of lime. 

VI. A very fertile loam from the neighbourhood 
of Walkenned^ on which gypsum exerts a beneficial 
effect. Most of the soils in the vicinity contain 
much magnesia, also from ^ to 1 per cent, of gypsum, 
and the same proportion of phosphoric acid, which 
render them capable of improving other lands, in 
which those in^dients are deficient. 

yil. A the surface, and B the subsoil at the 
depth of 18 inches, of a sandy loam near Brunswick, 
which produces excellent crops of oats and clover; 
the latter must be manured with gypsum, of which 
both soil and subsoil contain only a trace. It will 
be evident, on the inspection of the preceding table, 
that all the soils on which that substance produces so 
beneficial an effect are deficient in sulphuric acid. 



SECTION IV. 

PERMANENT IMPROVEMENT OF SOILS, 

CONTINUED. 



Table exhibiting the analyses of sterile soils — ^phosphate of iron 
the cause of rust in com — ^results of the three preceding 
tables combined — practical details of claying a barren sand 
in Yorkshii-e — alumina improves a soil by supplying it 
with potash — ^proportion of potash contcdned in different 
rocks — superior fertility of soils derived from the disin- 
tegration of felspathic rocks— china clay manufactured 
from decomposed felspar — ^improvement of clayey soils 
by an admixture of sand— quantities of sea sand used in 
Cornwall — artificial compost suggested as a substitute, for 
sea sand — action of burnt clay — ^and of lime on clayey 
soils. 



Tabular view of the analyses of barren soils. 

The third table which follows, contains the analyses 
of seven soils, selected from the most barren. 
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^^B A\Ai.raES OF BARKEN SOILS. [pAAT 1[. 

I. A the ajialysis ot' the surface soli of a beatli near 
Brunswick, which ia naturally sterile, though abounJ- 
ing in humua. It produces good crops, when manured 
with lime, marl, cow-dung, or the ashes of the beatlis 
wliich grow upon it. B is an analysis of the ashes of 
the heath before its conversion into arable land. The 
increase in some of the constituents, such as sulpliuric 
acid, potafcli, soda, magnesia, oxide of iron, oxide of 
manganese, and alumina, which takes place after bum- 
ing in this and tlie following case, is ascribed to theic 
hating been conHned in the vegetable remains in soA 
a manner as to prevent their being exhibited by am- 
lysis before burmng. 

II. The analj-sis of a heath near Brunswick, made 
before any crops had been raised on it. The first wj 
com, which was attacked with rust, even on those por- 
tions which were respectively manured tvith Ume, niari, 
potassa, wood ashes, and bone dust, aslies of the heath, 
and ammonia. The tendency to this disease still raani- 
fests itself after the third year ; but it is considered 
probable that longer exposure to the lur, by converti^ 
the protoxide of iron into the peroxide, will give greattf 
power to lime to decompose the phosphoric acid, 

III. A sandy soil from the vicinity of Bninewiefc, 
particulaily eterilo, tliough containing as much hiunv 
as some of the most fertile, but the inorganic ingre- 
dients are present hi very small quantity. It has been 
mucli improved by manuring it whh marl, contiunii:^ 
24 per cent, of lime, together with magnesia, manganese, 
potassa, soda, gypsum, and common salt. 

IV. A the soil, and B the subsoil of an eminently 
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barren sand, containing the average quantity of humus, 
but poor in lime, magnesia, potash, and gypsum. 
White cbver would n&t grow on it, tiU manured with 
xnarl containing those substances,, when the crops of 
that plant became luxuriant. 

T. A barren heath soil from AigrichinOstfiriesland. 

TI. VII. Sandy soils also sterile thou^ containing 
humus. 

V'lII. The clayey subsoil of a moor, which after 
being burned is used to manure V. VI. and VII. 
These ashes it is evident impart the lime, magnesia, 
potash, and soda, which were deficient in the soil. 
The two last are principally combined with silicic acid; 
tlie sulphuric acid, with lime, magnesia, and pota^. 



Tctble combimng the resmlts of the preceding tables. 

I shall now exhibit in one table the results of the 
three preceding tables; shewing the greatest, least, 
and average quantity of each constituent contained 
in the three varieties of soil represented by the above 
tabl^. 
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From this tabic it appears that the moat fertile 
soils contain on an average full 77 per cent, of silica, 
and that the oi^anic matter varies from about i per 
cent, to more than 9 per cent., while in the most bar- 
ren it sometimes amounts to as much as io per cent., 
the mean being 12 per cent. Can any thing afford a 
more convincing proof, that humus is not the cause of 
fertihty, but that it depends upon the amount of those 
inorganic substances, which, though present in but 
small quantities even in the most fertile, diminish with 
the decreasing productiveness of the soil t 

The inorganic substances which appear in the next 
proportion to silica are alumina and peroxide of iron ; 
the first ranges in the most fertile soils from 3 to more 
than 7; the latter from 5 to 8 per cent. The pro- 
portion of lime in the most fertile soils is not on the 
average much above 2, nor of magnesia above 1^ per 
cent.; while the proportion of the alkalies and of sul- 
phuric and phosphoric acids, ia expressed by such small 
fractions as ^, ™o and -^ per cent., and as we de- 
scend in the scale of fertility, a coiTesponding decrease 
takes place in the proportion of all those substances, 
as will be evident from the mere inspection of the 
table. Can any thing more strongly point out that 
the improvement of inferior soils is to he sought, in 
the addition of those inorganic substances in which 
they are deficient, so as to bring their chemical com- 
position as near as circumstances will permit, up to 
the standard of soils of the best description as regards 
productiveness, the facility with wliich thoy may be 
worked in all seasons, and tlieii" adaptation to the 
growth not only of com, hut of crops necessary for 
the subsistence of cattle ? 

Suppose, for instance, the owner (or the tenant 
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nnder a )oDg lease) of a boU capable in its natural state 
, of producing only indifTerent crops of oats, bariq 
and rye, desiroue of rendering it fit for the growth of 
wheat ; tliis niay be done (when clay or marl are found 
beneath the surlace, or within a convenient diatance] 
by laying it on in quantities varying from 100 to 2W 
cubic yards per acre. We will suppose the proportion 
oS alumina naturally existing in the soil to be ^ [let 
cent., viz. the mean of that contained in the inferior 
soils of the third table, and the lowest amount con- 
tained in the soils of medium quality in the eecwd 
table. Now since an acre contains 43,560 square feet. 
there will be 1613 cubic yards in an acre of soil one 
foot in depth, and talking a cubic yard In a mediuin 
state of moisture at a ton, it will require rather more 
tban 48 tons of alumina to i-aise the proportion contaiad 
in the soil 3 per cent. But clay in the purest iorm la 
which it occurs, contains rarely more than lialf iu 
weight of alumina. It would therefore require 96 torn 
of pipe clay, or about 200 tons of marl, containing 

Alumina 25 per cent. 

Carbonate of lime 20 ... 

Carbonate of magnesia 10 ... 

» Silica, oxide of iron and water 45 ... 
IW^ 

and 200 tons of such marl would, at the same time, 
introduce into the soil 40 tons of carbonate of lime and 
20 tons of carbonate of magnesia, answering to about 
22^ tons of lime and i)^ tons of magnesia to the acre, 
which added to the quantities of those earths (»%viou^; 
iting in the land, would bring it up, in these respects, 
standard of some of the best soils. Sbotdd this 



Improvement of land iy clay in YorksMrt. 
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marl contain, as Is sometimes the case, ^ ~ 1 per cent. 

of sulphate, and ^ — 1 per cent, of phosphate of luoe, 

I jia value as an improver of the soil will be the greater. 

^^B There is nothing visionary in this mode of improv- 
l^^land 1 it has long been practised, not only in Nor- 
1 folk as was before observed, with the happiest success, 
bnt in several other counties. 

In the second volume of the Journal of the Agri- 
cultural Society, Mr Lenton, of Sheriff Hutton, near 
York, has described in det^l the cost and results of 
Has transposition and admixture of soils, as practised 
by himself for many years. The land thus clayed was 
a sand, so barren that it had never been cultivated to 
profit, either by landlord or tenant ; about one fifth was 
entirely out of cultivation and overgrown with gorse 
and ling. The substratum was a white sand, vai-jing 
in depth from one to four feet, beneath this sand was a 
yellowish clay about a foot thick, and underneath that 
M, rich marl about eighteen feet deep. The land being 
wet, was first drained with tile drains two feet deep, 
and nine yards asunder. The best time for laying the 
marl on, was found to be July and August, while the 
hnd was under seeds, (after beii^ brought luider the 
four-course system), because the carriage of the large 
quantity of clay required, was easier when the land was 
tinder seeds than on a fallow, and the injury to the 
land by heavy cartage, and the loss occasioned by 
having a bare fallow instead of turnips were thus 
avoided. The quantity laid on varied from 100 to 
200 cubic yards, according to the quality of the soil. 



^^Tii 



IMPROVEMENT OF LAND [pART 11. 

len eufficieutly clayed io produce wheat after eeda, 
— a point described as requiring close attenlion,^ 
was tbimd to answer eSectually for eveiy other crop. 
To have carried the clajing beyond this point, would 
not oidy have incurred unnecessary expense, but would 
have injured the land for barley, and for feeding off the 
turnip crop on the land. How tJiis just medium was 
attained, and how, in the first instance, it was knonn 
what quantity of clay would be sufficient to make the 
land produce wheat after seeds, we are not informed. 
It was probably the result of experiment during several 
years, and might have been calculated beforehand 
from an accurate analysis of the soil and the mad 
witli which it was to be dressed. 

The total expense is thus stated, taking 150 eulne 
yards per acre as the avei'age quantity laid on. 

£. '. d. 
Digging and spreading 150 yards, at i^d. 

per yard 2 16 3 

Four horses four days, at 23, 6d. = 10s. per 

day 2 

Driver four days, at 2«. 6rf. 10 

Wear and tear and other expenses 3 

£5 9 3 



about seven shillings an aci-e of this coat was saved, 
during the latter part of the operation, by using a horse 
windlass for drawing tlie marl out of the pit, and thus 
employing only three instead of four horses, This 
reduced the expense to £5. 2». 3(^, per acre. 

Before being claj'ed, the land would not produce 
more than 3^ quarters of oats per acre. The rotation 
of crops was very irregular. To the oats generally 
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succeeded a faUow, sometimes for turnips, sometimes 
for lye ; the former generally failing from the springy 
nature of the land before being drained. Barley, with 
which seeds were sown, foUowed the turm'ps ; and the 
land then remamed in pasture for four or five years ; 
the utmost produce in four years could not be stated at 
more than 

1st year tiu*nips 4 

2nd . . . barley or rye 4 

3rd . . . seeds in pasture 2 12 

4th ... oats, barley, or rye .... 3150 

£14 7 



The land after being clayed is now cultivated on 
the four-course rotation, and the produce is stated to 
be the following : 

£, s, d. 

1st year, wheat, 24 bushels at 568, per qr. . 8 8 

2nd . . . fallow turnips 4 15 

3rd . . . oats, 52 bushiels at 23^. per qr. . . 7 9 6 

4th . . . seeds depastured 4 4 

24 16 6 

Produce before marling 14 7 

£10 9 6 



This increased produce however, cannot all be 
ascribed to the marling alone, as the draining must 
have contributed to it, and therefore its cost should be 
added to that of mai*ling, stated at £5. 28. Sd. This 
improvement was made at the charge of the landlord, 
the tenant paying him an additional rent of 4 per cent, 
on the capital expended. 



^^P IMPHOVEMENT OT CLAT. [pABt U. 

Aa clay contains in general much oxide of iron, few 
kinds of clay or marl can be bud on land in the abow 
tjiiantities. without adding to the amount of oxide of 
iron contained in it, the proportion of which, it will be 
seen by the last table, is alnays greatest in soils of the 
best quality. 

Since alumina, aa Liebig tells us, is rarely taken 19 
by plants, and oxide of iron is only found in thai 
excrementitious matter, it may appear strange that a 
soil shoidd be improved by their presence. They esert 
however, a two-fold inHuence, by absorbing ammonii 
from the atmosphere, which is separated by eveiy 
shower and conveyed in solution to the roots, and by 
forming salts of ammonia, in which that substance acts 



Alitmma increases the fertility of soils by sujiplfidg 



Alumina increases the fertility of a soil in anotlter 
most important manner, by supplying planta with that 
potash which is found in diiferent proportions m tltt 
ashes of most cultivated plants, particularly the cdrt 
and grass tribe, and above all in wheat. Potash a 
contained in clays and all aluminous soils, nor is Utt 
to be wondered at, when we consider their origin. AD 
aluminous soils have been produced by the disintegtt* 
tion or crumbling of rocks, composed of the mioenfa 
called felspar, zeolite, albitc, and mica, which contain 
either potassa or soda, or both. Felspar, the moat 
abundant of these minerals, yields 17| per cent, of 
potassa, albite 11,43 per cent, of soda, and zeolite 
cont^ns 13 to 16 per cent, of soda and potash to- 
gether. The rock called basalt, contains &i»q ^ to 8 
per cent, of potassa, and from 6 to 7 p« « 
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IF 

I^UBy date from 2.75 to 3.31 per cent, of potassa, and 
loam from 1^ to 4 per cent, of potassa. From these 
da,ta Liebig has calculated the quantity of potassa 
contained in a layer of soil 20 inches deep, formed by 
the decomposition of each of the rocks of which it 
forms a constituent. His calculations are made for 
tlie Hessian acre (26,910 square feet), which reduced 
to English measure will give the following quantities. 

Proportion of potassa, cfmtained in different rocks. 

Felspar contains 2,7n,3711h8. of potassa. 

Clinkstone 356,120 to 712,243 

Basalt 85,402 to 133,707 

Clay-slate 178,060 to 356,120 

One thousandth part of potassa contained in a 
soil only 20 inches deep, is suiEcient for the consun^ 
tioD of all the pines growing on it dtuing a century, 
and a cubic foot of potassa is sufficient to supply those 
growing on an area of 26,910 squai-e feet for five years. 
Thousands of years are required for the disintegration 
of the surface of rocks containmg potassa. Water, 
charged with earhonie acid, decomposes the felspar and 
dissolves a part of the alkaline carbonates ; and plants, 
by producing carbonic acid during their decay, combine 
with the action of tlie atmosphere in effecting the dis- 
integration of such rocks. The solution of the alka- 
lies contained in the magazine thus formed, proceeds by 
a process equally slow. From the composition of the 
water of rivers and springs, we see how small a quantity 
rain water is able to extract from the soil ; and that a 
portion of the alkalies washed into the sea, is rctiuned 
by evaporation is evident, from the fact, that the softest 
river water contains a small proportion of common salt. 
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of the alkalies dissolved by rain water Is taken up 
in combination with acids by the roots of plants, ia 
retted in their substance, and returned to the soil bj 
their decay. 

Fertility of soils resulting from decomposed /ehjiafhic 
rocks. 
The superior fertility, under equal conditions with 
respect to elevation and exposure of a soil derived fnwi 
the disintegration of rocks containing potash, \s illiK- 
tratcd verj' strikingly by several instances mentioneil 
by Mr De la Beche, in his Geological Sur\ej- fit 
Devon and Cornwall. The mineral structure of ^ 
grauwacke, or slate series of that country, is extremely 
^■ariablo : where hard sandstones prevail, not eaaUy de- 
composed, they produce but a sterile soil; one of greater 
fertility is derived &om the disintegration of the &k 
argillaceous slates, which however produce a wet cl»r 
when the natural drainage is not good. In the north, 
the trappean rocka which are chiefly compounds of 
felspar and hornblende, afford the most fertile scuIe 
when decomposed to a sufficient depth, of any iu tbc 
district, particularly when mixed vnih some calcarewu 
matter, as is frequently the case. Wlien much de- 
composed, they are applied as maniu^ to other lamli 
and always with great benefit, The general barren 
character of the serpentine of the Lizard contrasts 
strongly with the soil on the adjoining diallage anJ 
sienite, which are among the most fertile of the dis- 
trict. " It affords, indeed, a good example of the 
unequal decomposition of a rock, so that while it is 
fiO mucli disintegrated in places, tliat inarl pita may 
be formed, and the decomposed rock taken away for 
manure, in others, hard blocks are scattered over tlie 
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ground, or rise in tors through it ; aud it aUo exliiljits 
an instance of tlie fertiiity of a soil chiefly derived from 
tlie decomposition of hornblende, or diall»ge and fel- 
spar, the crj'stallizatioa being large grained." Tlie 
hornblende slate of the Lizard ia also extremely fertile ; 
some land upon that rock was, after being inclosed, 
frequently cropped with barley and wheat without 
being manured, and yielded well under this manage- 
ment for many years. It will be seen in Table J. tliat 
the soik from Ohio contained much magnetic iron- 
sand, and, as that is a very common constituent of 
tntppean or ba.saltic rocks, it is pi-obahle that a large 
portion of the materials of that soil had been derived 
from the decomposition of such rocks. Trappoan and 
Tolcanic rocks are closely allied, if not identical in 
inincral composition, and decomposed lavas afibrd soils 
of the most fertile character. 'N'olcauic ashes, when 
exposed for a time to the influence of the atmosphere, 
produce a moat luxuriant vegetation, though they do 
not contain a trace of organic matter. The land in 
the vicinity of Vesuvius is of this description ; corn haa 
been grovra on it for centuries (without any portion of 
the produce being returned to the soil), by tlie rude 
process of cidtivating the land once in three years, 
and leaving it to natiu'al pasture during two. Its 
fertility arises from the potassa, which is contained 
in the lava of which it is comjiosed, and of which a 
fresh portion, sufficient for the support of another corn- 
crop, is rendered soluble during this interval of rest. 

It is remarked by Mr Do la Beche, that the relative 
fertility of the granitic soils of Cornwall appeare to 
depend, under equal conditions of elevation and ex- 
posure, on the abimdance and easily decomposable 
nature of the felspar contained in the sub-jacent rock. 
7 



i 
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Those parts of the Heneborough and St Austell gnuHN 
which contain much of the mhiei-al called schorl, a 
often sterile : a lai^e pi-oportion of mica in grani 
exerts an unfavourable effect on the soil derived fro 
it, wliHe the iron of others forma a useful element. Jb 
\rtrgc part of the skirts of Dartmoor is poor land, b 
is much improved where the decomposed drift from t 
trappean rocks has mingled with it. The scrapings 
roada, metalled with broken hornblende, syenitie ai 
basaltic rocks, wliich are now used on the roads 
the metropolitan district, and in a considerable portit 
of the new red sandstone of Cheshire and LsncaeJUH^ 
are capable of improving sandy soils, by the additiMl 
of ahiminotis earth and oxide of iron, 

China Clay manufadiired from decomposed Fel^afJ 

From tlie decomposing granites of Cornwall a veijl 
pure and white china clay is manufactured. The finetf 
particles of the felspar are separated from tlio quarfia 
and mica, by exposing it on an inclined plane to a fi 
of a few feet of water, which washes it doven a treniil 
communicating with catch-pits ; in these the impuritit 
and coarser parts are deposited, and the finely-divide* 
fel^athie matter is allowed to settle in a tank beyoni 
them. The water having been withdrawn after a 
the clay, when it has attained a certain consistency, ; 
divided into masses containing about a cubic foot eaci 
and removed to covered sheds, where the drying ^ro-. 
cess 18 completed. The clay prepared thus with great 
care that it may contain no impurities, which wout^ 
detenorate the colour of the china, is sold at abot 
A;1.2». the ton. Perhaps in some situations, whei 
decomposed granite and streams of water are at com'- 
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maud, fine felspathic matter might be conveyed, 6tis- 
p^ided iu water, by a somewhat similar process, over 
the neighbouriQg lands deficient in potash, the fertility 
oS which there can be no doubt that it would greatly 
in^rove, if the process was not too expensive. Ordinary 
jope-clay, which is sold at the pit on the averse at 
£1. 2s., is uotliing more than this fin^y divided fel- 
spar, which has been deposited by natm^ processes at 
some remote period in the bed of a lake now laid dry. 

Improvement of Clays hy an adittixture of Sand. 
We have hitherto considered the permanent im- 
provement of light lands by the addition of almnina ; 
but clays may, in a similar manner, be improved by the 
addition of other cartlis. Chalk is extensively used for 
this purpose in Essex; limestone gravel in Ireland. 
The operation of these substances is partly chemical, 
partly mechanical. They add lime to a soil deficient 
in it; and they increase its poi-osity, rendering it more 
pervious to the roots and to moisture, and more easily 
worked. Ordinary sand, though less frequently used, 
would promflrte the latter object. We have seen how 
large a portion of sihca the most fertile soils contain. 
On many parts of the coast, sea and blown sand are 
ejrtensively employed as a manure ;— nowhere, perhaps, 
so extensively as iu Cornwall and Devonshire, where it 
is not only used on the coast, but is conveyed by carta 
and canals into all parts of the interior. 

Quantiiy of Sea-sand used as Manure in Comicall. 
Mr De la Beche, in the work before mentioned, 
estimates that 7,000,000 cubic feet of sand are thus 
annually collected and distributed over those coimties. 
The sands considered wortli removal at this expense 
7-2 
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for agricultural purposes, contain, according to Dr 
Paris, from 60 to 65 per cent of carbonate of lime, 
consisting of fragments of eliolls and corals ; and be 
suggests tliat, though the beneficial effects of this 
manure unquestionably depend on the pi-esencc of 
this calcareous matter, yet the sea-salt with whicU i( 
is impregnated, contributes largely to its fertiliang 
poM'eis; and he adduces as conBrmatory of tiiis 
opinion, the fact, tliat the fanners frequently send 
several miles to Padstow Harbour for the same sort 
of sand whieli ia drifted by the wind close to tliein- 

Analysie of Sea-water. 

The water of the North sea contains, according 
to an analysis of M^Cleinm cited by Liebig, 

Cliloride of sodium 26.8J! 

Cholride of magnesium 2,42 

Sulphate of magnesia 2.06 

Chloride of potassium ] .3a 

Sulphate of lime 1 .SO 

besides inappreciable quantities of carbonate of liiuc, 
magnesia, iron, manganese, phosphate of lime, iodides 
and bromides, silica, sulphuretted hydrogen, and or- 
ganic matter. 

Ah artificial compost supgested as a substitute fir 
Sea-sand. 

Now if the fertilizing properties of sea-sand con- 
tftiiiing from 60 to 65 of carbonate of hrae, be duo 
to the small portion of the above salts which it con- 
tains, an artificial compost might very easily be pre- 
pftred by saturating a inixture of sand and finely 
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comminuted carbonate of lime \vith a solution of those 
saJts of the same sti-engtli as sea-water ; and this 
mixtm-e might often he prepared on the spot at a 
much less cost than tliat at which sea-sand can be 
procured. 

Action of burnt Clay and 0/ Lime on clayey soils. 
The beneficial inflnence which burnt clay exerts 
on. stiff soils, and which has been considered so inex- 
plicable, has been already noticed ; its action is partly 
mechanical by opening the soil, and rendering it more 
pervious to moisture, and pai'tly chemical, arising out 
of the property which alumina and oxide of ii-on pos- 
sess of absorbing ammonia, and forming compounds 
with it. 

Tlie action of burnt lime on clay is purely che- 
mical ; such soils disintegrate and liberate their potash 
with much less facility and rapidity than siliceous 
soils; and the lime renders it more soluble. This 
has been ascertained by mixing an equal quantity of 
burnt lime, adding water, and letting the mLxture 
stand for some time, when the water was found to 
contain an appreciable quantity of potash. 

Clayey soils also derive benefit from the chemical 
action of lime in another way. They frequently con- 
tain pi-oto-sulphuret of iron, which decomposes by 
exposure to the air into sulphate of the protoxide of 
iron, a salt which exerts, as was before stated, an in- 
jurious effect on vegetation. Lime decomposes tliis 
salt, forming with it sulphate of lime, and liberating 
the protoxide of iron, which on exposure to the air 
js converted into the peroxide, and then becomes a 
medium for indirectly communicating to the roots 
ammonia absorbed by it from the atmosphere. 
7—3 
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CoHtituenlA of fttnn-yard maaure — of the straw— «f tke boM 
excrements — of the urLuc — loss of ammonLa doting tie 
heating of farm-yard maaure — use of liquid manuie m 

» Beldam —mode of preparation — in Snitzcrlanil — mode «f 
■ppUcation — to wliat soib and crops — in what qnantitf. 
Farm-yard Dtmg. 

We will now proceed to the consideration of thoae 
manures wliicli are used with the design of restoring 
to the aoU substances of which previous crops 
deprived it, rather than for the purpose of effectiag 
its permanent iiuprovcment by the addition of ele- 
ments in which it is deficient, or by decomposJi^ 
aubstauces which exert an injurious cfiect upon *tge- 
tation. 

Of these manures the most important and the 
most genet^Hy used is farm-yard dung. Since it con- 
sists of vegetable remains saturated with urine, sad 
mixed with the solid excrements of cattle, the {ne- 
valeot opinion is by no means surprisiug tliat 
require for their autiiment matter which lias ander- 
gone previous preparation, either Ity liaving entered 
into the structure of plants, or having passed tbrottgli 
the bodies of animals. An analysis of tl]c consti- 
tuents of farm-yard manure, and the knowledge that 
plants receive notliiog from the soil except iu 
of solution, completely overtlu-ow this sasi 
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and shew that its fertilizing powers are due to the 
preseiKse of the same acids and alkalies which oc- 
eur most abundanily in the most fertile soils, and 
are found in the ashes of all plants, though in dif- 
fident proportions in different tribes of them; and 
thus we arrive by another road at the same conclu- 
eion, that those inorganic substances, the acids, al- 
kalies, and metallic oxides, are essential for their 
perfect develop^nent. 

Constituents of the Straw contained in it. 

Let us begin with an examination of the straw. 
Straw dried at a temperature of 212** Fahrenheit yields 

Carbon . . , 46.37 per cent. 
Hydrogen . . 6.68 
Oxygen . . . 43.98 
Ashes .... 4.02 

100.00 



It consists therefore of 96 per cent, of matter iden- 
;tieal in composition with woody fibre, and convertible 
like it into humus by decay. The beneficial effects 
of humus, it has been already shewn, consist in its 
entering, during the process of decay, into combina- 
^on with the oxygen of the atmosphere, and thus 
fumssdiing a supply of carbonic acid to the roots be- 
fore the leaves of the young plants are suflSciently 
developed to decompose that of the atmosphere, from 
which plants derive their chief supply of carbon. A 
Inderal supply of carbonic acid to the young plant 
promotes a vigorous growth of leavei^, and increases 
ihe power of absorUng it from the atmoi^here at a 
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Uter period ; and so far tends to increase the crop. 
But the woody fibre, instead of l>ein(» putrefied iu 
t)ic dung-heap, might be converted into charcoal ; and 
diarcoal, it ha& been ehewn, may be made to suppl}' 
the place of bUmus by absorbing carbonic acid ami 
imparting it to the roots. 

The proportion of ashes varies in the straw of 
difiercnt kinds of grain; that of wheat yields 15.5 
(Davy), that of barley 8..5+, that of oats 4.42 p» 
cent. These ashes consist principally of silicate of 
potash, and are equally returned to tlie soil whether 
in the form of ashes or of decayed straw. In some 
parts of the (irand Duchy of Hesse, where fuel is 
dear, straw is used for the purpose of heating ovens; 
and the ashes, which are carefully collected and sold 
at a high price, are found to he the best manuie 
for wheat and the different kinds of com, tliough of 
no value for the growth of other crops, such as 
potatoes, jieas, and clover. The benefit which com 
derivas from the putrefied straw might therefore be 
coihmunicated by means of aii artificial compost, con- 
sisting of charcoal and silicate of potash — the WaWf 
fflasB of commei-ce. Hut corn requires other substancda 
besides carbon and silicate of potash ; it must have 
nitrogen for the gluten and vegetable albumen, and 
phosphates of lime and magneeaa for other constituents 
of the grain. These are contained in the solid and 
fluid excrements, but more abundantly in the latter. 

Constituents of the Solid Excrements. 

We will first con»der the composition of the solid 
excrements. This varies with the species of animal 
and with the nature of the food. The following arc 
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the constituents of the dung of the cow. One hun- 
dred parts of the fresh excrements consist of 



Nitrogen . 
Carbon. . 
Hydrogen 
Oxygen . 
Ashes • . 
Water . . 



. 0.506 
. 6.204 
. 0.824 
. 4.818 
. 1.748 
. 85.900 

100.000 



The ashes consist principally of potash. All the 
potash contained in the hay or other food of cattle 
is discharged in the excrements. In 25 lbs. of hay 
a beast consumes ^ of a pound of nitrogen, which 
is the quantity contained in 8i|lbs. of flesh. The 
nitrogen assimilated and not converted into flesh 
or milk, is discharged in the dung and urine. The 
quantity of nitrogen contained in the dung barely 
exceeds, as will be seen by the above analysis, ^ per 
cent. ; but as hay contains 1 per cent., 50 lbs. of hay 
ought to produce the same effect as 100 lbs. of fresh 
cow-dung, if the value of the latter depended on its 
nitrogen. 

One hundred parts of horse-dung, dried at a tem- 
perature of 212* Fahr., leave from 25 to 31 parts of 
solid matter, and consequently contained from 69 to 
75 parts of water ; when treated with water, about 
3 to 34 per cent, is dissolved ; the solution containing 
phosphate of magnesia, and salts of soda, with a 
small quantity of organic matters. Alcohol extracts 
from the undissolved portion a resinous substance, 
possessing the characters of partially changed gall; 

7-5 
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4lw nodiie bums n-ithout any smeU, and posseasea (he 
properties of sawdust, from which all soluble matter 
has been extracted. One hundred parts of the dun;; 
thus dried, yield from 10 to 27 per cent, of sa]ta and 
earthy matters, according to the natore of the fowl, 

With from 3.220 to 4,000 lbs. of fi«ah horse-dim? 
Liehig calculates that we therefore Jay ou a field 2.2*0 
to 3,000lbs. of water, 730 to 270)h9. of \-cgclabk 
matter and altered gall, and from 100 to 270llis. of 
salts and inoi^oic substances, consisting principally 
of the phosphates of lime and maguesia, carbonate of 
lime, and silicate of potassa ; the first derived cbieil]' 
from the oatfi and hay with which tlie home had been 
fed, the latter from the straw used as litter; and tiie 
same quantity of these inorganic substances is con- 
tained in 6,000lb9. of hay, or 8,3001bs, of oats. 
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Cmtstituettts o/^ t/ie Liquid Excrements. 



'lants in a state of nature derive sufficient 
their wants from the ammonia contained in 
water. In a state of cultivation, the object of wliidi 
is the extraordinary developement of the most useful 
parts, the seeds or roots, they require larger suupliffi 
of nitrogen, which must be furnished by means of 
manures. The proportion of nitrogen in cow-dung 
does not exceed, as we have seen, ^ per cent.; in 
human excrements, which contain the largest prt- 
portion, it varies from 1^ to 5 per cent. It is to (he 
urine with which fannyard manure is saturated fhat 
we most look for supplies of nitrogen. Human nrin, 
'whiidi ia tiie liebegt in it of all, cootaiia "^y I 
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XJiea. , : 30.10 

Pree liustic acid, lactate of ammonia, and) ^ ,. ^ . 
animal matter not separable from them j 

Uric acid 1.00 

MucuB of the bladder 0.S2 

Sulphate of potash 3.71 

Sulphate of soda 8.16 

Phosphate of soda 2.94 

Phoi^hate oi ammonia 1.65 

Chloride of sodium 4.45 

Muriate of ammonia 1.50 

PUoi^hate of magnesia and lime 1.00 

Siliceous earth 0.08 

Water 938.00 

looo.ooT 

It must be to its ammonia and ammoniacal salts 
that urine owes its fertilizing powers; for, after de- 
ducting the urea, lactate of ammonia, free lactic acid, 
pho^hate and muriate of ammonia, there remains only 
1 per cent, of solid matter consisting of inorganic salts; 
which must have the same effect on the land, whether 
dissolved in water or urine. 

The urine of horses is less rich in nitrogen than 
that of man, containing only 5 per cent, of solid matter, 
of which only 0.7 is urea, whilst human urine contains 
four times as much. 

1/088 of Ammonia during the ptUrefactioh of Farm- 
yard Manure. 

By the spontaneous putrefaction of urine, which 
it undergoes in the dung-heap during the process of 
heating, all the urea in combination with lactic acid is 
jcoaverted into lactate of ammonia, and aD the free urea 
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■rto carbonaUi of nntiuonia ; and as the latter sitlt U 
extrenicl}' volatile, a large portion of ammoaia, is \m 
during tlie fermentation and turning of the dung-heafi, 
and whilst the manure is lying on the land before it e 
ploughed in. It is in the shape of ammonia that pknts 
receiiii; the nitrogen, which is essential to their com- 
plete de^-elopeinent. However abundantly humus, cir- 
bonic acid, and other substances may be guppliul, a 
plant cannot attun its full devclopement without plenty 
of nitrogen: a herb may bo funned, but no grain; erni 
sugar and starch may be formed, but no gluten. If, 
howeivr, sufficient nitrogen be administered, we furnish 
a plant with the power of attracting carbonic a<'id &om 
the atmosphere, and of fixing in its organs the amount 
of carbon requisite for its nutrition. The most eco- 
nomical mode, therefore, of applying the imne of out 
elablos and cattle-sheds, is an object of the utmost 
importanco to the farmer. We have seen that during 
the heating of a duog-heap a lar^ portion of nitro- 
geu escapes in the form of carbonate of ammonia. 
Any person may easily convince himself of thie by 
placing on a dung-heap a saucer containing hydii>- 
chloric acid, (muriatic acid or spirits of salts,) wlUB 
dense white fumes of hydroehlorate of ammonia (tti 
ammoniac) nill immediately surround it, and, after ft 
time, crj-stals of that salt will be found in the s&ncer. 
Tlie volatile nature of carbonate of ammonia mKj 
also be known by exposing a given weight of it, in 
its solid state, to a drj* atmosphere, and weigliing It 
Again after the lapse of a few days. At the same 
time, urine cannot be used fresh. Its complete putre- 
ikction is necessary, because the first step in the 
decomposition of the urea is its converdon into caustic 
■nunonia, which is injurious to vegetation. By expo- 
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8U1-G to the fttiDosphere this caustic ammonia acquires 
carbonic acid, and is rendered mild, and brouglit into 
a fonii capable of affording nutriment to plants ; but 
at tlie same time a large portion is lost, owing to 
its volatile nature. How are these difficulties to Le 
avoided I 

Liquid Manures. 

The application of the urine in a separate form, 
which has been so long practised in Belgium, Ger- 
many, and Switzerland, to say nothing of China, is 
strongly urged by Liebig. The adoption of the prac- 
tice in this country is attended, however, with some 
inconveniences, arising out of the large size of our 
&Fms, the complete alteration which it would require 
in the arrangement of fann-buildings, and the expense 
which would be incurred in the conetmction of tanks 
and drains ; added to which, without careful manage- 
ment, a large porUon of ammonia may be lost even 
in this mode of using the m'ine, or it may be used 
in too large quantities, or in too fresh a state, and 
therefore prove injurious to the growing crops. To 
those who may be disposed to try the system, an 
account of the manner of preparing and applying 
liquid manui-e in those countries where it is so exten- 
sively used, must be acceptable. The following out- 
line is taken from an ai-ticle on the Agriculture of the 
Netherlands, by Rham, and from another on Animal 
Maniu'cs, by Sprengel, both in the second volume of 
the Journal of the Agricultural Society. 

There are two ways of applying liquid manure. It 
may be either used alone, the litter and solid excre- 
ments being collected and applied as in this country ; 
ot the solid excrements may be dissolved in the urine, 
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■: putrefied with the addition of buge 
qoaatitr f>f mter. The fitsc method is practiced is 
Belgium, the latter in Switzedand and the Uuk 
FonL 
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la Belgium e\-erT farm has, either under or HU 
to the cowhbuac, one or more tanks into whidi tlie 
urine of the uiimab Ao^, tugether with the vaiet 
seed in washing the floor of the Ktables and catlle- 
sbeds. 

The tanks are sunk below the level of the ground, 
their sides built of brick laid in cement, to prereul 
loss by filtration. In large distilleries where many 
beasts are kept, there are large oblong tanks divided 
into chambers, so that a succeasiou of liquor nmj be 
kept of the proper age for use. Tlie dimensions of 
these chambers are 8 feet square, by 6 or 8 deep; 
they are sometimes vaulted, but more frequently co- 
■Tered with boards. On a farm of 30 or 40 acres, 
the tank is generally £0 feet long, 12 wide, and 6 
deep, nith a partition in the middle, and arched over, 
leaving a small round opening for the pump ; and 
another (covered by a ti-ap-door) sufficiently large to 
admit a man for tbc puqiose of clearing the tank of 
the sediment which acciunulatee at the bottom. Tlw 
tank is either near the entrance of the cow-bouse, 
or immediately behind it, sometimes under it like a 
cellar ; but this is apt to communicate a bad smell to 
the cowhouse. The farmers, besides saving all the 
urine they can collect, purcliase liquid manure in e«B- 
siderable quantities. Every village increases the sup- 
ply, each house being furnished with a small tauk 
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or tub, in which is coUocted all the liquid which can 
in any way be useful, such as soapsuds, the washings 
of dishes, eliamber-iye, &c., till the fanner or con- 
tractor comoa (once a week) with Iiia cart or tub to 
Temove it. This, mixed with the contents of privies, 
which are frequently emptied, he keeps eitJier for use 
or sale. There are dealers who have large tanks near 
rivers and canals, where they keep great quantities 
JD store, in tanks, having in one comer a gi-aduated 
Bcale by which the quantity of liquid in the tank may 
be ascertained. To tlie tanks of these dealers the 
farmers repair in the seed-time of autumn and spring 
with their carts and tubs, purchasing it at the rate 
of &. 6d. the hogshead. 

In the farm-yard the liquid contained in tlie tank 
is mixed with an equal quantity of water, not only 
to cleanse the stables, but to improve the manure ; 
for the addition of this water, before the putrefaction 
ef the urine, has been foimd by experience to be 
very advantageous ; and the reason of it is this : 
Water absorbs only a certain quautity of amniooi- 
acal gas ; and this will be greater tlie less of other 
Bubatances it holds in solution. If therefore the urine 
be mixed with an equal bulk nf water, it absorbs 
more than as much again of ammonia, and is also 
able to retain more carbonic acid, wliich is partly 
given out during putrefaction, partly absorbed from 
the atmosphere. The caustic ammonia generated 
during the putrefaction of the urine is thus converted 
into its carbonate, whicli, though still volatile, is far 
Jess so tiian ammonia itself. 

Sprengel found, by experiment, that from 100,0001bs. 
of unne diluted with an equal quantity of water, he 
obtained in consequence of this dilution 1,135 lbs. of 
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Mnmooitt, equal to 936 Iba. of nitrogen, more tLan 
from undiluted urine. He takes the annual quan- 
tity of urine produced liy a cow at 1 5,000 11^., aM 
supposing timt it all reaches the tank, he calculates 
tliat by putrefying it without the addition of vater, 
1()21bs. of ammonia, worth in Gfermany £2., ia lost, 
whilst the cost of distributing the additional I5,0001b«. 
of water over the land is 8s. 

With respect to the time required for the proper 
putrefaction of the urino, some farmers reckon that 
it should remain in the tank six months, hut by the 
end of tliat time it will have lost much of its am- 
monia. In Sprengel's experiments all the ui-ea was 
not decomposed at the end of four weeks ; before 
the expiration of sis or seven weeks the ammonia is 
still in a caustic state, and injurious to vegetation; 
' wlien left in the tank for six months a large portion 
of the carbonate of ammonia has evaporated, and it 
has therefore lost much of its manuring powers, as 
mncli, perhai}s, as by our method of putrefying it b 
the dung-heap. If urine has not been mixed witii 
water, and contains, as it generally does, a cert«n 
portjon of solid excrement, it is considered a sign of 
having acquired a proper maturity in the lank, when 
no scum vises on the surface on stirring the liquor. 
This is indeed a proof that it no longer contains caustic 
ammonia, and can he applied without injury to grow- 
ing crops; for the scum or bubbles are occasioned 
by carbonic acid, which cannot escape till all the 
ammonia present is saturated with it. But before 
the undiluted urine can have reached this state a 
vast amount of ammouia must have been lost. 

The time required to effect the decomposition of 
the urea, and the saturation of the resulting ammonia 
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with carbonic acid, varies with the season. Five or 
six weeks are considered sufficient in the summer, 
and eight or nine in the winter ; hut no fixed rules 
can be laid down, as the rate of putrefaction depends 
on tlie temperature of tlie air. The absence of caustie 
ammonia and ui-ea, on which depends its ripeness, 
can only be known by chemical investigation. If on 
adding a small quantity of sulphuric acid there arises 
after a few seconds a gentle effervescence, it may be 
considered that the ammonia is saturated with car- 
bonic acid ; but if efTen'escence does not take place 
tall after the addition of a further quantity of acid, 
caustic ammonia must be considered as still present, 
because the sulphuric acid must first saturate the free 
ammonia before it can act upon the carbonate, to 
the decomposition of which the effervesence is due. 
The quantity of aulphmic acid required to effect effer- 
vescence will afford an indication of tlie amount of 
ammonia still remaining in the urine uncombined with 
carbonic acid. The addition of water to the urine 
before putrefaction prevents, as was before sjud, the 
escape of free ammonia, and destroys its caustic 
properties by converting it into the carbonate ; but 
carbonate of ammonia is still volatile, though less 
so than ammonia. 

The most effectual mode of fixing the ammonia, 
is to convert it into tlie sulphate, which is not vo- 
latile. In order to do this, sulphuric acid, or some 
cheap sulphate, as sulphate of iron (green vitriol), or 
sulphate of lime (gypsum), should be added. Both 
are occasionally used by the farmers on the conti- 
nent, who have found that they improve the quality 
of the manure, without knowing the reason. 

If we calculate tliat a cow produces in the course 
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tbe year 15,000 lbs. of urine, and that by ibe 
putrefaction of this uriue in tauks, without mining it 
with water, 162 lbs. of aiamonia escaiJes, tliis mi^ 
be converted iuto Kulphate of ammonia hy meaiis of 
S73 Iba. of sulphuric acid, which at i 2s. the ewt. fm 
wliich it luaj he purchaeed in this country, would 
cost nearly J^2. This would produce more thaD ^ 
ewt. of eulphate of ammonia, worth at 25;^. the cwt. 
iC5. 12s. Od. The fixation of tliis 162113. of atnoa- 
nia lost diu'ing the ordbary process of putrcfaetioD, 
might also be e&ct«d by means of 5 or 6 ewt. tit 
gypsum at 2b. 3d. per ewt. or 7 ewt. of sulplul^ 
of iron, at 7n. 6d. per ewt. There is, however, u- 
other disadvantage attending the use of sulpbale of 
iron he^tides its cost, viz. that if used in larger 
quantities than the ammonia present will decompose, 
it exerts an injiu'ious e^ct on the growing crop- 
The protoxide of iron, also residting from the ie- 
composition of the sulphate requires exposure to (lie 
air for some time, to effect its conversion into tbe 
peroxide. It then adds to the fertility uf a soil bj 
absorbing ammonia from the atmoaphere." 

Mode of preparing Liquid Manure m Suntxerimi. 

In some paifs of Snitzerland, Germany, and Hol- 
land, the solid as well as liquid excrements are mixed 
with large quantities of water in trenches or tanks. 
and the liquid compound, after putrefaction, is ^plied 
as manure to arable and meadow-land, under tlw 
name of giille. The preparation of it takes place in 
tanks either adjoining the cowhouse, or in tlic fields 
to which the excrements are conveyed, and 
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mixed with water conJiieted from the iieighbouring 
springs, by which much labour in tlie carriage of 
water is saved. 

In the former case, the floor of the cowshed has 
a Blight incUnation towards a drain or treiicli, I j feet 
wide and 2 feet deep, leading into a tank outside 
the ahed, (i or 8 feet every way, and covered with 
s lid. The di'ain being hall' filled with water, the 
urine nins into it, and the animals stand with their 
hind-legs close to the drain, so that a large portion 
of the sohd excrements are likewise dropped into it. 
The rest is raked in once or twice a day, and the 
floor well washed with water. The foul straw used 
as litter is twice a week removed, and thrown into 
the drain, and having been stirred about with the 
dung-rake, and well washed from tlic dung, is first 
laid on the edge of it to drain, and afterwards car- 
ried out of the building, laid in heaps to putrefy, 
wh«e it is soon wholly decomposed into a black or 
brown fatty manure, ichich is foti/id, /iowetier, to pos- 
sess no particular effimet/, deprived as it lias been by 
the washing of tlie excrement and urine. 

When the di-ain is qmte full it is well stirred, 
the sluice is opened, and its contents allowed to flow 
into the tank ; and the same process is again re- 
peated, till the tank is quite filled. On large farms 
there is a great reservoir into which the mixture is 
pumped from tlie tank when full, and allowed to 
putrefy from four to six weeks, according to the tem- 
perature of the air. Sulphate of iron is frequently 
added, and is found to improve the manuring pro- 
perties of the liquid. 



r 



APPLICATION. [tABT II. 



Mfxle of apiiU<:ation. 



These liquid manures, eonti!stiiig eJllier of nriot 
alone, of urine and water, or of iirine aud water in vtiiSn 
tlie solid excrcitients have been dissolved, are applied 
to meadows and clover-fields in the spring, and afta 
cutting the crop ; they are also applied to the wheat- 
crops ill winter and spring, and to barley and rape 
even when a foot high. Liquid manure may be mtA. 
wiiU advantage to every crop; but never produces so 
grt'at an effect when applied before sowing, as when 
the plaitts are in some degree grown ; bocause the 
carbonate of ammonia, when no ^'egetation is present 
to take it up. is either lost by evapoi-ation, or wadicd 
away by the rnin. It is particularly adapted for givii^ 
an impluse to a weak crop. In the apjilication nf 
urine, and still more so in the use of that in which 
the solid excrements have been dissolved, care mint 
be taken that in pumping it into the barrel no agita^ 
tion takes place, because the undccomposed particles 
conaisting of vegetable fibre form an incrustation on the 
leaves of the plants, which is prejudicial, and rendeis 
tliem distasteful to the cattle. In summer it should 
be ^iplied only in wet weather, otherwise the plants 
when the soil is dry receive the nutriment in a con- 
centrated form, which is injurious to them. This 
may be obviated by dilution with a larger quantity 
of water, but the carriage is thereby increased. Li- 
quid manure is best conveyed to the field in waters 
carts consisting of a pair of shafts and two wheels, 
carrying a cask containing fi-ora 60 to 120 gallons. 
The wheels should be broad to prevent their cutting 
into the land when di-awn over growing crops. In 
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the under part of the barrel is a hole two or three 
inches in diameter closed by a valve, which the driver 
opens when required, by means of a string passing 
through the upper part of the cask. Under the 
hole is a board, placed in a somewhat slanting posi- 
tion, by which the liquor is spread as it flows out of 
the cask. 

To what Soils and Crops applied^ and in what quantify. 

Light soils are found to derive more benefit from 
the application of liquid manure than clays and strong 
loamsr, in which the urine requires a longer time to 
penetrate, and consequently more of the carbonate of 
ammonia escapes. For the same reason it is very 
unprofitable, as experience has shewn, to draw in the 
land during a black frost. On sandy soils urine has 
a tendency to bind them together, while dung only 
renders them more porous. 

The quantity used varies from 30,000 to 45,0001bs. 
the English acre. On light soils, from 27,000 to 
30,000 lbs. is considered sufficient. 
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MANURES— NITROGENOUS MANURES 

CONTINUED. 



AdTantag^ and disadvaiitagea of liquid manure^— «vr fKWit 
mode of managing &rm-yard dung — capable of im- 
proTement — the drainage of it should be preseiTed for 
use — mode of fixing its ammonia as a sulphate— ni|^ 
soil the richest in nitrogen of all manures — diflTerent 
modes of preparing it — improvements proposed by LieBig 
—other nitrogenous manures — muscles and star-llsh-^ 
guano — ^bonea— praedeal details ^ their vm on fffam\mii 
m Cheshire. 



Adwzwtages and D%8advantage$ of- Liquid Mammi. 

The advantages attending the use of liquid nuk 
nure may be stated as consisting in, 

1. The quickness with which the crop reoeifea 
nourishment, from its being all dissolved in water, 
and in a fit state to be taken up by the roots. 

2. A quicker return of capital than by the use of 
farm-yard manure, no more being applied than is suffi- 
cient for the wants of the growing crop, instead of 
manure enough for several crops having to be collected 
and laid on at once. 

3. The saving of that portion of the most valuable 
part of manure which is washed away by rain during 
its preparation in the homestead, whilst lying in the 
land for several years, and when exposed on the siurface 
as a top dressing. 
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4. The increased growth of forage plants, such aa 
lover, lucerne, and the meadow-grasses, and the coi^ 
equent increase of manure by summer soiling. 

The particular advantages of dissolving the solid 
(I the liquid excrements, as practised in the Black 
forest and Switzerland, are, 

1. The water in the drain within ihe cowshed 
bsorbs much of the carbonic acid given out by the 
veathii^ of the animals, and thus prevents the escape 
f much amm(mia# 

2. The water in ihe drain keeps the shed cool 
Bring the heat of summer, and o<$casions a dani|»ie8ir 
t the atmosphere, which is better for the health of the 
litle than a hoi dry air. 

3. The mixture of a large quantity of water pre- 
mts the escape of ammonia generated during the 
atrefaction of the urine, and promotes its conversion 
iio earbonic acid. 

4. The saving of litter* 

The principal disadvantages att^ding the use of 
quid manure are, 

1. The difficulty of hitting off exactly the proper 
aantity to be used, and the danger of applying too 
inch. 

2. The difficulty of effecting its equal distribution 
ver the field. 

3. The loss of ammonia during putrefaction, unless 
inch diluted with water, which loss perhaps is not 
mch less, except under very good management, than 
lat which takes place during the preparation of stable- 
ung. 

4. The expense of constructing tanks, and the 
icreased carriage of the liquid if much diluted. This 
ist, however, does not appear an objection of very 
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"^eal weight. Sprengel calculates tliat 20,00011)8. of 
urine putrefied six or seven weeks contain from 8 
flOOlbs. of actual manuring matter, while the same 
amount previously diluted with an equal qiiantitj of 
water, contains (the water added of course not bang 
reckoned) 1,400 to l,600lb3. Therefore, if we t*ke 
as the average quantity of urine re<)«ired fur 
English acre of light land 30,O0o!bs. (answering to 
SO.OOOlbs. to the Gorman aero), these 30,0001!* of 
urine putrefied without dilution will contain 1.27.5Ibe, 
of manuring matter, and this same quantity of 
diluted with an equal bulk of water will yield 2,2501b8. 
difiused through 60,0001bs. of fluid; consequently,!* 
apply l,275lbs. of actual manuring matter, we imet 
use 34,0001bB. of the diluted liquid. Let iis now com- 
pare the amount of cartage required under this avBtem 
with that neces-sary for manuring an acre of laud with 
farm-yard manure, under the four-course rolation 
using 20 tons of rotten dung per acre for turnips — hal 
the turnips being drawn and the rest fed off by sheep, 
and the young clover dressed with 10 tons per acre of 
rotten dung. The quantity of manure required for thi' 
four crops will be 30 tons, or 7i tons per annum. 
To raise the same crops with liquid manure * 
require. 

1 
For the turnips, a full dressing, given perha]>s 1 

at twice, viz. at sowing, and when up . . .) ^^^^''^ 
Barley, half the turni])S liaving been fed on 

the laud 

Clover, dressed witli 34,000 

AVIieat, a light dressing 17,000 

102,000 
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or not quite 46 Ions, that is 11 tons and a half per 
Annum, which is 4 tons a year more than would be 
lequired with the use of farm-yard dung. At the sanie 
time it is probable that the hquid manure thus apphed 
would produce the largest crops, and that the Flemish 
practice of trotting from the field with the empty cart 
would compensate for the extra cartage, were it even 
greater, by the greater qimntity of work performed in a 
day. 

In those countries where liquid manure has long 
been used, it is in great repute among practical men, 
and whoever would i>ersuade them to abandon it 
-would stand quite as much chance of being scouted 
as theorists, as they who in this country recommend 
the use of it. Wherein does the difference consLst, 
■and how does it happen, that what is practical in 
Belgium or Germany becomes "all theory" in Eng- 
land ! Oxygen, carbonic acid water, and nitrogen, are 
the same all over the world ; the same kinds of plants 
contain the same elements wherever they grow; almost 
every country contains a variety of soils, each of 
which finds its counterpart in other countries. All the 
courishntent which plants receive from the soil they 
take up in a state of solution. If manure is found to 
be most economically and beneficially applied in a 
liquid state in a country possessing a climate so much 
like oiu^ as Belgium, it can only cease to he so in 
England from causes unconnected witii soil and cli- 
mate. In a country, for instance, where labour is deai-. 
the outlay required for the foi-raation of tanks, an<l 
the expense of preparing the liquid, may render a 
process unprofitable which is advantageous in another 
country where labour is cheaper. The use of liquid 
manure, and its prepai-ation, require much care and 
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. not only to insure bt^eGt to the crops, \iat 
to prpvent injiin,- to them : it may easily bo applied tM 
tnsh, or too stale — in too lar^e, or too small quantities; 
tod tins aae and attention to nitnutise are more UWy 
to be fbtrad on Bmall farms of 30 or 50 acres, likt 
Iboae of Belgium, where the cnltirator ia his om 
bbaoncr. than on lanus of ten times tliat size, whec? 
much must l^e tmsted to semuits. 

Ovr pTfgttit mode of mannffii'^ Fann-i/ard Mafian 
mpalle of improtement. 

At the saniG time the waste of the most ralo- 
aUe part of farm-yard manure is so great mider the 
Enelifih ^retem, as to render it desirable, that vtSa- 
out abandoning the use of it for that of hqiiid nU- 
nnrc, till the sapOTority of the latter has h9«i fnUj 
)>roved by ciipcriment, the farmer should endeaTOotto 
introduce inipro\Tments in the present management rf 
it, based upon a knowledge of the chemical proper^ 
of the substance with which he has to deal, by whiefe 
a va^ aiiiouat of manure may be saved, which is now 
loBt. Not contented with promoting the escafte (rf 
as much autnionia as pos^ble in the volatile fonn 
during tlie process of heating, turning, and spreading 
the dung, and during the time which it is frequenlk 
allowed to lie aa the land before it is ploughed in. 
we appear to endeavour to deprive it as mneh bb 
poHSible of all sohible matter, by making the dune- 
iiill the channel tlirough which all the water n^iidi 
is collected from the roofs of the buildings passes by 
tfco main drains of the ferm-yanl into the 
stream. 



Drainage of PinighiUs sfiould be preser-ned 
in tanks. 

^ The annual waste of manuriDg matter which takes 
|dace on most farms, from this mode of management, 
is immense. In order to prevent it, the eaves of all 
ihe buildinga should be supplied with spoutet nhich 
would lead the water away, without allowing it to 
reach the dunghill, which should receive, except in 
very dry weather, only the water wliich falls on it 
directly from the atmosphei-e; and a drain should 
convey the surplus moisture from the dungliill to a 
covered tank, in which it should be preserved for use 
in a separate state. The brown or blackish fluid thus 
collected will consist partly of urine, partly of rain- 
water, with many dissolved particles of the solid 
excrements. It must be putrefied before it can be 
used, in order to neutrahze the caustic ammonia, with 
carbonic acid ; but if putrefaction be allowed to 
proceed so fai- that the smell of ammonia is en- 
tirely gone, it will have lost the gi-eater part of 
its manuring properties. It will be l)etfer however 
to convert the ammonia into sulphate of ammonia 
during the process of putrefactiou, by means eitlier 
of sulphuric acid or gypsum. The liquid thus pre- 
pared may be apphed, by means of the n'ater-cart, 
to some of the most accessible of the gi'owing crops, 
but only during wet weather ; for holding, as it does, 
80 many salts m solution, it may convey too much 
nutriment to the plants, and uijure instead of bene- 
fiting them, should the gi-ound not contain moisture 
enough to dilute it properly. If it contain more tlian 
4 or 5 lbs. in the hundred of sohd matter in solu- 
tion, it will be too concentmted to be applied with 
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flsfety to growing crops ia dry soils. If derived from 
a nianure-pit flooded by rain from the roo& of the 
buildings, it will scarcely contain two per cent, of soHil 
matter, and n ill then be of little value, 

if the fanner dislike the use of the drainingsnf 
the dunghill in a liquid state to growing crops, they 
may bo thstributed upon nucrnpped land immediateK 
before ploughing or haiTowing it, or they may be useJ 
for the purpose of saturating heaps of compost ; bill 
to such compost, and indeed to any, containing, hlte 
all dungheaps, salts of ammonia, burnt lime ahouH 
on no account be added, as it deoomposes most of 
the salts of ammonia, and causes the escape of volatile 
ammonia. 



Hode of filing the Ammonia iy means of StUphalet. 

The dungheap thu8 freed from superfiuotB 
moisture, and the fluids ivhich drain from it being 
preserved for use, instead of bemg got rid of as a 
nuisance, the next object ia to provide that during 
the heating of the dung, and the subsequent manage- 
ment of it, as little ammonia shall escape in a gaseous 
form as possible. The beat mode of fixing it appears 
to be by means of gypsum. Liebig recommends 
the strewing of the flooi-s of stables and cowsheds 
ivitli it, for the twofold purpose of removing tlie 
ofifensive smell, which must always be more or less pre- 
judicial to the healtli of the cattle, and of preventing 
the escape of the ammonia in the form of the volatile 
carbonate. Gypsum and carbonate of ammonia cau- 
not be brought into contact at ordinary temperatures 
without umtual decomposition, and the production of 
the non-volatile sulphate of ammonia and of carbo- 
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nate of lime. It is stated in a note by the editor of 
Liebig'a work, that the practice thus recommended 
prevails in some parts of England. In Oermauy, 
according to Sprengel, it is usual to strew gj-paum 
over land on which sheep are folded, in order to fix 
the ammonia of their dung and urine in the soil. 

The dungheap might also be strewed with gyjjsum 
for the same purpose. It is a veiy cheap substance, 
easily obtained in most parts of England. Consider- 
able beds of it e.\ist in Clieshire, Derbyshire, and 
near Watchet on the Bristol Channel, and it might 
be raised in much greater qnantities than at pre- 
sent, if there wore a demand for it. Of the quantity 
that would be required upon a farm for those pur- 
poses, wo may form a rough estimate, by supposing 
that for every horse or liead of homed cattle kept 
as much ammonia is lost in a volatile state, by our 
present mode of managing farm-yard manure, as 
•Sprengel calcnlates is lost in Belgium by putrefying 
urine without diluting it with water, or saturating it 
with acidsj viz. 162 lbs., requiring for its saturation 
373 lbs. of sulphuric acid. This quantity of sulphuric 
acid might bo obtained from somewhat more than 
5cwt. of gypsum. But as the cattle are not in the 
yard above six months in the year, this would be 
reduced to 2 J cwt. per head, which should produce 
2|cwt. of sulphate of ammonia — a powerful manure, 
not to be bought for less than 25s. the cwt, Of 
course, however, if the dungheap is to be flooded with 
water, which will carry this soluble sulphate away 
from the farm, its formation by means of gypsum 
will only incur an unnecessary expense. 
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^^^Fli has olrc-ady been stated that human urine coq- 
tains much more nitrogen than that of hoi-ses and nest 
cattle. The sohd excrements arc also richer in that 
element, which varies from H to 5 per cent. When 
fresh J of their weight consists of water. One hundred 
jwirta of the dried excrements yield, by incinoralioa. 
15 parts of ashes, consisting chiefly of tJie pbosplutEe 
of lime and magnesia. One hundred parts of hiusao 
urine are equal to 1,300 parts of the fresh dung of tbe 
horse, and 600 j>art8 of tliat of the cow. The amoool 
of the liquid and solid excrements of each individiul 
cannot he estimated at less than 5-l'7lbs. during ike 
year, containing on an average 16.411bs. of nitrogen, 
or o per cent.; a quantity suflicient to supply the nitro- 
gen contained in SOOIbs, of wlieat, rye, or oats, m 
900lb3. of barley. Thh is as much nitrogen as it is 
necessary to add to an acre of land in order to ohtaia, 
with the aid of that absorbed from the atmosphere, the 
most abundant crops, and, at tlie same time, this is the 
manure which contains the largest amount of phos- 
phates, so essential to the production of grain. PlaIll^ 
derive phosphoric acid from the soil. In the bread, 
fruits, and fiesh wliicli they eat, auimals are supplied 
with the phosphates necessary for the formation of 
the bones and otlier jiarta of the body wliich con- 
tain phosphoric add. The excess passes off in the 
urine and solid excrements. The bran of wheat con- 
tuns much phosphoric acid, and therefore the refnai' 
bran used in calico-works is well adapted for manure. 
The concretions foimd in the intestines of horses whii^ 
live much on bran consist principally of phospliate of 
magnesia. Ten thousand parts of the straw of wheat 
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contain 47.3, and the same quantity of the grain of 
wLeat 99.45 parte of phospliates. The leguminous 
plants, thoTigU they sutjulss all others in the quantity 
(rf nitrogen contained in them, are remarkable for the 
Bmall amount of any kind of salts which they yield. 
In the ashes of the Windsor-bean, for instance, there 
^re no free alkalies, and not 1 per cent, of the phos- 
phates of lime and magnesia, wliile the stem of lucem 
contains only 0.S3 per cent, of phosphate of lime and 
albumen. Buckwheat dried in the sun yields only 
0.681 of aahea, of which 0.09 are soluble salts. In the 
above facts v<e see the value of these plants as fallow 
crops, since tlicy do not exhaust the soil of any alkalies, 
and deprive it only of a small portion of its phosphates. 
In tixe tubers of potatoes the phosphate of magnesia and 
ammonia, with a little potash, are the principal inor- 
ganic constituents ; and though the whole of the stems 
he returned to the soil, ' the phospliates require to 
be replaced by some manure containing them. That 
which contains the most of tliera is night-soil mixed 
witli refuse bran, gi'ound (not bm-ned) niagnesian lims- 
stone, or coal-aahes. Liebig raised a very lai^e crop 
of potatoes with a di-essing of niglitaoil and Epsom 
^ts (sulpliatc of magnesia). The nightsoil was mixed 
with coal-ashes and vegetable mould, till it acquired 
the consistence of a thick paste, and was dried by expo- 
sure to the sun. The quantity of tliis valuable manure 
annually wasted in England is incredible. It has been 
calculated that the sewers of London discharge daily 
into the Tliames 115,000 tons of this and other solid 
and liquid mamu'es, which in Belgium ai'e cai'efuUy 
collected. AVe are too fastidious to suffer the bread 
which we eat to deiive its nitrogen from so filthy a 
source, so we turn it into the Thames, and drink it, as 
the French say, au natvref. 



^ 
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One of the chief obstacles which have hitherto im- 
pelled the use of nightsoil as a manm-e, is the diffieoltj 
of removing its fetid smell, and i-endering it portable, 
without, at the same time, dissipating its ammooia. 
and thus dopriviiig it of a great part of its fertiliang 
properties. In Paris it is removed from the tubs in 
which it is collected in the houses to trenches in the 
Huburhs, where it remains till it lias attained a certM 
state of dryness, but ammonia escapes during the pro- 
cess with the water which evaporates, leaving little bnt 
phosphate of lime, and phosphate and lactate of am- 
monia, with traces of urea and fatty matter. It is alao 
prepared, by the addition to it while fresh, of wood- 
ashes and earth, both of which contain much caustic 
lime. This removes the smell, but at the same time 
decomposes all the amnioniacal salts, loaving nothing 
hut the phosphates. In London it has long been dried 
on plates of iron by means of artiRcial heat, after h&f- 
ing been firat prepared by one or other of the above 
processes. More recently a patent lias been taken out 
for its preparation, by mixing it with calcined mud and 
finely-divided charcoal. 13y these tlie odour is instjui- 
taneously i-emoved, while they i-et^u the anuuonia, bf 
means of a power they Imve of absorbing tliat substance. 
But still, much of the ammonia is expelled by the heat | 
employed to evaporate the moisture. Liebig recom- 
mends the addition of a cheap mineral acid to the night- 
soil, before mixing it with the above ingredients. He 
also GU^^sts, as the most cheap and practical method 
of fixing the aaimoniacal salts of nightsoil and urine, 
and at the same time of rendering them portable, to 
mix them with the ashes of peat or coal, selecting, when 
the latter are used, such as are porous and earthy, with 
the addition of magnesian limestone or Epsom salts. 
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OTHER AZOTIZED OR NiTROGENOLS 
MANURES. 

Butcher's of^, consisting of the blood and iutea- 
tinca of animals, is a powerful manure, from the nitro- 
gen which it contains — so powerful that it cannot he 
used alone, but must be mixed witli some other sub- 
stance the action of which is less energetic. 

"Wool, hair, bones, horns, and hoofs, also contwn 
nitrogen, together with phosphates. Sprats, pilcliards, 
and herrings, are extensively used on the coast. In 
the estuary of the Thames large quantities of muscles 
and star-fish are dredged up to be sold to the faiinera 
for manure ; and this branch of industrj' affords employ- 
ment to the oyster- dredgers, who would otherwise be 
in great distress, in consequence of the mismanf^- 
ment by which many of the public oyster-grounds 
have been ruined. Muscles ai-e sold at 16s. the 
ivaggon-Ioad, and star-fish, or five-fingers, as they are 
called, at 21s. ; the latter are preferred, and a smaller 
quantity of them is used to the acre. The animal of 
each of them contains nitrogen, and the shell carbo- 
nate of limo, the superiority of the star-fish is probably 
due to the presence of phosphate of lime. 

There are many parts of the coast in which tliese 
would afford the fanner a great addition of manure, 
and at the same time improve the condition of that 
hardy race of fishermen which fumislies bo large a 
supply of seamen to our naval and commercial maa-ine. 
At the month of the Conwj% in North AVales, are 
large beds of muscles left dry at low water, the col- 
lection of which, for the sake of the small pearls found 
in them, affords employment which is considered worth 
followmg by many of the neighbouring peasantry. 

8— a 
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The PTf'm^ft^ are boOed on tbe sands iu onler to cau&e 
the thdSa to open, and the [«ail3 are found at tlic 
bottom of tbe caoldron. Great heaps of tbe shells are 
piled u|> near tbe bwling places, and I never heard 
of the finipt^lg being used in tbe oeigbbouriiood au 



Guano. — A manure has long been used under thu 
name on the barren soils of Sooth America. It is tbe 
dung of eea-fowl which frequent the Guano I&Iands on 
the coaet of Pern in immense flocks, and in the coutse 
of ages have deposited a stratum of excrements some 
feet in tluckness. Astonishing accounts are given of 
the crops of maize and potatoes produced hj it on tlie 
mo6t steril land in South America. Considerable 
quantities have lately been imported into Liverpool for 
the use of the farmers of this countr}-, both as a top- 
dressing for com, and to be drilled in with timiips; 
for the latter it has been used with great success, at 
the rate of 2 cvrt. to tbe acre, aud promises to fomi 
a valuable addition to the list of powerful manures 
coDceatrated in a small bulk, and tlierefore easy of 
carriage. It has a urinous smell like that produced bj 
the evaporation of urinu, and like it coi^ists chiefly of 
ammoniacal salts, the urate, oxalate, phospliate, and 
hydroclilorafe of ammonia, together with the douNe 
phosphate of maguesia and ammonia, phosphate and 
oxalate of lime, the sulphates of potasli and soda, 
about 4| per cent, of clay and sand; together with 
various other substances, not estimated separately, 
such as water, soluble salts of iron, and organic matters 
insoluble iu water, amoimting altogether to IS per 
cent. 

Bones. — The manuring powers of groimd bones 
are due partly to the presence of the niti'ogeu of their 
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gelatine (when it has not been detracted by boiUi^). 
and partly to their phosphates of Urae and magneaia. 
The constituents of bones, according to the anaJytua of 
Serzelius, have been already stated. Liebig estimate 
the amount of nitrogen contained in the 32 or 33 per 
cent, of gelatine at 5.28 in TOO parts of that substance, 
Wid consequently tlrnt 100 lbs. of bonea are equivalent, 
as a nitrogenous manure, to 2501bs. of human urine. 
He fiirther estimates that Slbe, of bone-dust contain ae 
much of the phosphates of lime and magnesia as 
l,0001ba, of hay or wheat-straw, and that 21ba. contain 
as much of these phospliates as l.OOOIbs. of the grain 
»jf wheat. 

"When reduced to fine powder and moistened bones 
generate heat ; their gelatine is decomposed and con- 
verted into the carbonjito and other salts of ammonia. 
which aa'c retained in a gi'eat measure by the powder 
itself. He recommends, as tho best mode of thoir ap- 
plication, that they shonld be wetted, in a state of fine 
powder, with half tlieir weight of sulphuric acid diluted 
with three or four parts of water, and after they haw 
1>een thus digested for some time, and 100 parts of 
water have been added, that the mixture should be 
^rinkled over the field before the plongh. Tlie free 
acids unite immediately uitli the alkalies existing 
in the soil, and form neutral compounds. Oora and 
kitchen-garden ci-ops throve vigorously in a soil con- 
BtBting of decomposed grauwacke (a sandstone of the 
slate series), when thus manured. The superior effi- 
cacy of boiled to unboiled bones he attributes to the 
removal of the fatty matter, by boiling, the presence of 
which impedes the putrefaction of the gelatine. As a 
substitute for bones. he recommends the employment 
oF a similar solution of pho^hates in muriatic acid, the 
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nftise of glue-manufactories, many ^lundred tons n( 
which are annually thrown away. In consequence of 
this suggestion, this glue-refuse has recently been tned 
as a manure for ttirnijis nith the best success. 

Bonos liave long been used in Norfolk for tuini^e, 
drilled in with the seed, at the rate of 20 boabeli 
per acre, but are now getting rather out of repute in 
some parts of that county, jmrtly perhaps because the 
jj;round from their repeated use contains as much of 
the phosphates as the crops grown on it require, aad 
therefore an additional dose produces no effect, and 
partly on account of a disease with which the sbefp 
have boen aflected, and which is supposed, whether 
justly or not, to be confined to the land whicli Laa 

(n much dressed with bones. 
Bones have been used for many years in Cheshire 
a manure for gra?s-land. The details of tlieir ap- 
plication, as practised for the last ten years on the 
estate of Lord Combermere, are given in the secoml 
volume of the Joum^ of the Agricultural Society, 
The land on which they are found to succeed best is 
old sour turf on a clay not worth, in its original state, 
more than 10a. or 15e. the acre. On new land that 
has not been in grass nearly seven years they are not 
considered to answer. The time of application is the 
beginning of April, and no stock ai-e put on the land 
till the following spring. Tlie quantity used on an 
acre is from 30 to 35cwt., worth 135s. the ton; 
if bought by tlie bushel, 2s. 3d, the imperial I 
weigliing fram 45 to 471hs. 



Tk'ir Employment on Graas-land. 
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Boiled bones are cheaper, but are in general not 
considered to answer so well ; though it is staled that 
no diffei-ence was observable on two portions of the same 
field, dressed, the one with boiled, the other witli un- 
boiled bonos. Fi-csh bones boiled are considered pre- 
ferable to old bones unboiled. They are ground coarse, 
about the size of a walnut. Land previously worth 
10s. to 15s, tlie acre has thus been rendered worth 
irom 30s. to iOs. The bones are laid on at the expense 
of the landlord, the tenant paying 7 per cent, on the 
outlay. Part of a mowing field, dressed with 3oc\vt. 
to the acre eight years ago, lias produced crops of bay 
every year equal in quality to those of another portion 
of the same field dressed with good farm-yard dung. 
On pasture-land the efiects of the bones are visible for 
twenty years, though the produce is considered to have 
been falling off for the last five. 

Here then we find that 3,9201bs. of bones during 
fifteen years, or 261 lbs. per annum, have produced 
efiects equal to a dressing of good farm-yard dung each 
aJtemate year, which cannot be considered less tliao 
five tons per annum. How were these effects producedj 
The bones did not act by magic. What were the 
substances which the land received with them? 

Unboiled bones contain 33 per cent, of gelatine, 
(yielding 5.2S per cent, of nitrogen,) 52.20 per cent. 
of the phosphates of lime and magnesia, and 1 1 .30 per 
cent, carbonate of lime, and in these, witli the excep- 
tion of a trifling proportion of soda, their manuring 
powers nmst be sought. 261 lbs, of bones contain 
86.13Ibs. of gelatine, (equal to i.Silbs, of nitrogen,) 
and 136.2ilb3. of phosphates, and 2!).501bs. of car- 
bonate of lime, answering to 16.5 of lime. 

Hay containing 1 percent, of nitrogen, the ijlbs. 
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nitrogen would produce 1501bs. of hay; uid bW 
of bones, coDtainiog as much phosphate of lime anil 
magneaa as l,0(H)lhs. uf har, 2Gllbs. of bones nughi 
to cuutain as much of tliese pho^hates as 32,62a lbs. 
of liay. 

The results therefore appear greater tlian can be- 
ascribed to the gelatine of the bones, while the phos- 
phates are largely in excess. In the absence of more 
definite information as to the constituents of the soil 
than that it was an old sour turf upon a clay subsoil, il 
is impfissihlc to eay what effect the carbonate of lira* 
may have had. If the sulphuric or hydrochloric aeiit 
were present, the 16.5 of lime container] in it might 
ha\"e fonned 50lbs. of gypsum, or a corresponding 
quantity of chloride of lime, and the nitrc^en whki 
the gy[>8uin would have attracted from the atmosphen 
and fixed, would have been sufficient for tlie produc- 
tion of about SOOlba. of hay. 

On the whole, notwithstanding the great beneBl 
derived from the use of bones in the abo\-e quantity- 
there is reason to suppose that a more cconoDiical modu 
of nppHeation might be devised, by using them in 
smaller quantities, mixed with some nitrogenous ma- 
nure — sulphate of ammoiua for instance— of which 
11211)3., woitli about SSs., cont^ 21 iba. of lutrogen. 
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MANURES CONTINUED. 



Gypsnm — peat-ashes and coal-ashes — treasons of the apparently 
capricious action of gypsum — instances of great crops pro- 
duced by it — ^nitrate of soda and potash — ^fallowing — ^fallow 
crops — ^irrigations 

Gypsum — Peat-ashes — Coal-ashes, 

The abundance of gypsum in various parts of 
England, and its indirect influence as a manure by 
decomposing the carbonate of ammonia contained in 
rain-water and in putrefied urine, and fixing it in the 
soil in the form of the sulphate, have been repeat- 
edly mentioned in the preceding pages. It acts, 
however^ in a direct manner, by entering into the 
composition of those species of plants whose ashes 
contain it in larger proportion than that in which it 
is found in many soils. , 

The use of gypsum as a manure conunenced in 
Germany during the latter part of the 18th centurj', 
and it has long been extensively employed in America. 
In consequence of the benefits said to be derived from 
it in those countries, experiments were made with it 
in England; many of which failed, either fix)m its 
having been applied to crops which did not require 
it, or to soils which contained it in sufficient quan- 
tity for the wants of those plants of which it forms a 
constituent. These are red-clover, lucem, saintfoin, 
rye-grass, and turnips. 
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Ap/Kjnntlif eapriciotu action of Gypsum, 

Of these, gypsum greatly increases tlie crop upon 
hqQs which &ro deficient in it, while on wheat, bariej, 
oats, which eitlier do not contain sulphate of lime, 
ar contain it only in small quantities, it produces do 
benefit whatever. Tliis apparently capricious actitHi 
lias operated to prevent the general use of a manure, 
the judicious application of which is likely to be (J 
the greatest benefit to the fanner, from its cheapnea 
I)oth as regards original cost and carriage, and from 
the facility with which it can he prociu^d in rooat 
part$ of England. The proper time for using it b 
toward the end of April, or first days of May, and 
from its sparing solubility it requires to he sown in 
wet weather. An ordinary crop of clover or saintfoin 
contains 2 cwt. of this salt, and tliat is the maximun 
quantity which the fanners in Kent and Hampsliire 
have found to be beneficial. GypsiioL is so cheap, 
the e.\])ense of dressing an acre at this rate being 
only 7s. > that there is no great rbk even in an UQ' 
successful experiment ; and on the other Iiand, the 
farmer may be cert^n tliat these Ti. will be well laid 
out, even without having an analysis of his soil, when 
he finds that land whidi once yielded good crops of 
clover and saintfom Iwgins to f^l, or to become 
■' clover sick," the young plants springuig up in 
ahundance, but dying off as the summer advances, 
and that good crops can only be obtained once io 
1 or twelve years. 

u%tftanc68 of great crops prodwed iy Gy^ 

The following accoiuit by C. W. Johnson^ 
f the experience of liiinself and others in the oae of 
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g^-psum, vi\]\, it is hoped, induce a trial of it by thoso 
who have never Iiad an opportunity of witnessing its 
effects'. " In an old grass paddock,"" says Mr John- 
son, "of about 70 acres, in the Vale of Kennct in 
Berkshire, the grass-land for many years gradually 
became less and less productive ; and this in spite of 
all kinds of applications; the earths (such as clay 
and chalk), and farm-yard compost, had all been 
liberally and repeatedly spread without producing any 
thing hke a luxuriant crop ; but it was foimd at last 
that the peat-ashes of the banks of tlie Kennct, when 
spread at the rate of about 40 bushels per acre, pro- 
duced the veiy best results — an excellent crop both 
in weight and colour — certainly more than a ton of 
hay per acre beyond what the soil had yielded be- 
fore. The fact was now evident that it was gypsum 
that the soil needed ; for aa these peat-ashes contain 
about 12 per cent, of sulphate of lime, more than 3 
ewt, of gypsum was conveyed on the land with them; 
it constitutes, in fact, by far the chief fertilizing in- 
gredient in these peat-a.slies ; the remainder beinj; 
about 40 per cent, of Siond, and the rest chalk, red 
oxide of iron, and a small quantity of common salt." 
If this conclusion, therefore, was correct as to the 
gypanm being the only valuable portion of the peat- 
ashes, it was certain that an application of 2 cwt. 
per acre of gjpsum to the same land would produce 
similar beneficial results : and upon trial it was found 
that benefits, fully equal to any yielded by the apph- 
cation of peat-ashes, resulted. Two cwt. per acre of 
gypsum in fine powder was spread on a portion of 
the grass with the most beneficial efiects; the grass 
not only grew with greatly increased vigour, but a 
' Journal of Royal Agricultural Society, Vol. ii. p. 109. 
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^SSa^ol white clover and other grasses inadt; thai 
appearsnee on the port!oa drcssed. in so marked i 
namter as to attract the atteation (A tbe tenant to 
the fact. The soil on which these expcrimenta woe 
nuule con^ts of 

Organic matter, chiefij' T^etable ..... S.o 

Soluble mattei-s 3.0 

Carbonate of lime and magnesia 19 J) 

Oxide of iroa 2.75 

lumina , 8.S 

id and gravel 62.0 

98.75 



^^Oxii 
^KAlui 



This is about 10 inciies deep, and it rests on a Uiia 
stratum of gravel, and tbon chalk. 

" There is another fact vhich cleai-ly supports theK 
conclusions ; viz. the great use of common coal-ashm 
as a top-dressing to clover, saintfoin, and lucem : there 
is no manure so universally in possession of the lanacr 
equal to tliem for tlieir immediate effect upon thon 
grasses. Now coal-aahcs usually contain about 10 per 
cent, of sulphate of lime, and therefore a dressing of 
50 buslicJs of coal-ashes per acre is equal to an appli- 
cation of about 5 bushels of gypsum ; the remaiuing 
porUon of the ashes consists principally of about 10 p« 
cent, of lime and sand, and a small portion of red oxide 
of iron and alumina ; so that the gj-psum ia evidentty 
here again the active ingredient ; the other constituent 
parts being nearly inert substances'. My o\vu experi- 
ments and obaenations have been confirmed by many 
others within the last two years ; for gypsum is en: 

' Nol entirely so, for lietli alumina owl oxide of 
indircrtly hy absorbing anunonia. 
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dently creeping gradually into use as a maoure for tUe 
grasses. Mr James Barnard, an excellent and exten- 
aive farmer of Little Bordean, in Hampshire, ia a recent 
oommunication to me, thus describes his experience 
with gypaura. 
' " ' The soil of my fami is of a clayey nature, and 
' »-ould be very stiff but for the number of stones that 
are in it. I have sown gj'psmu «x or seven years, and 
never on clover or saintfoin without satisfactory proof 
of its efficacy, having usually grown half a ton more of 
hay per acre by its use. But the effects in 183S were 
■wonderful. I put on 2^ewt. per acre, on a two-year 
old piece of saintfoin, on the first of May, with the 
plants very forward, just leaving the ground and coming 
to stalk. The gypsum had so ind'cased the growth by 
the 9th of the same month, that, when crossing the 
land with a friend, we obaeiTed the diifereuce from one 
of the fields to the other ; and, at harvest time, the 
extra produce of hay was quite 1 ton per aero. I then 
laid the field up, and ciit it again in October, when the 
effect of the gypsum was still mora apparent, there 
being I^ ton of hay per acre on the so dressed portion 
of the field, and scarcely any on the remainder of the 
land. Cutting the saintfoin twice in one j'car, and the 
enormous produce, brought a great many persona tn 
look at the field, who all declared that they had never 
seen the hke before. On the same piece this j-ear 
(]S39) I did not use gj'jisum, thlnlcing it would he 
qaite good enough without, and the difference was 
quite as great. I mowed twice the gypsumed groimd, 
but there was nothing to cut on that which had not the 
gypsum. I can even see the effect where three years 
ago the gypsum was spread; as I always leave a strip 
or two in every field to prove the effect. 
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" ■ There is one thing more I wish to observe, that 
1 never put on gj'psum before the last week in April, 
or the first in May, and choose, ir possible, a moist 
morning, I have not found much good effect from 
its application on either chalk or cold clay soils.' 

*' Mr Smith, of Highstead, found still greater benefit 
fram the use of gypeiira to hia clover leys, for where 
the simple soil produced only 1 ton per acre of hay, 
the portion of the same soil, to which 5 busheb per 
acre of gj-psum had been applied, yielded 3 tons ; tie 
first producing only 201bs. of seed, the latter 105 lbs." 

» Nitrate of Patassa and Nitrate of Soda. 
The use of nitrate of potash, or saltpetre, as a 
manure, commenced in Norfolk several years ago, and 
applied at the rate of about 1 cwt. an acre, it was found 
to produce an increased produce, varying from 3 bushels 
to 8 per acre. Its general use by the farmer would 
enhance the price too mueli to admit of its being ap- 
plied with profit ; but nitrate of soda is so abundant 
as a natural production of the earth in South America, 
that it liiay be procured in almost any quantity that 
can be required. 

From the account of a niunber of trials made with 
it in different counties, on a variety of soils, and on 
different crops, detailed in the second volume of the 
Journal of the Agricultural Association, it appears to 
have been attended with verj' unequal results \ in some 
cases amply repaying the farmer by an increase of grain 
and straw, in others, barely repraducing its own cost; 
in some, causing positive loss and actual detriment to 
the crop. On wheat, by the application of from 1 to 
l|cwt,, worth 26s,' per cwt., an extra produce of 8 
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hels, and 2SSlbs. of straw was obtained in the most 
successful cases; and some lai^e farmers haie been 
BO satisfied witii the results, as to di-css iOO acres and 
even more with it. On oata and barley it is in general 
more successful than on wheat. It is thought to an- 
swer Ijest on light soils, but there are instances of its 
successful application on clay, and also on calcareous 
soils, as well aa of its failure on each. On wheat it 
appears to produce the same effect as putrefied urine, 
soot, and gas-iiquor, (all substances containing am- 
monia,) causing abundance of long but at the same 
time weak straw, an increase in the quantity of grain 
and (as far as experiments Iiave gone) of gluten, but a 
diioinutiou of its weight. 

The cases of failure appear to have taken place 
when the nitrate was applied too early, or in very drj- 
weather, or on land full of condition, and therefore 
capable of producing a good crop without it. On such 
land it causes blight. 

On turnips, clover, grass, and all crops requiring 
nitrogen, it appears to liavo been vcrj- generally attended 
with success. The quantity used is from 1 to IJcivt. 
the acre. The time of application from the middle 
of April to about the tenth of May, and on oats to the 
end of that month. It is most certain in its efTects 
when sown in showeiy weather, or immediately after 
rain. Some farmei-s sow half the quantity when the 
wheat first begins to feel the effects of spring, and the 
rest about six weeks afterwards. Those who have 
found the greatest l>enefit from it on turnips, consider 
that it is better applied as a top-di'essing, a few days 
after sowing, than by drilling it in with the seed, 

Nitrate of soda may act in two ways^ either plants 
may decompose the nitric acid, and thus obtain nitro- 
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g«i, as we know tliat they obtain carlKin by the de- 
composition of carbonic acid, which the chemist finds 
infinitely more difficult to decompose than nitric acid, or 
its fcrtilizuig qualities may be due to its alkaline base. 
The former view derives strength from the increase of 
straw and gluten, tho dark green colour of the leaf, and 
lightness of grain, which the nitrate produces, while 
the capricioiisness of its action looks as if the effects oT 
the nitrate were duo to the alkahnc base, and its faJlore 
to tho presence of alkali in sufficient quantity for ibe 
wants of the crop on those soils on which the nitrate 
produces no results. These points, however, Liebig 
oljserves, can only bo cleared up by more accurate 
experiments than any which have yet been recorded, 
by analyses of the soils on which it fiuls and succeeds, 
and by comparative analyses of the wheat grown wifh 
nitrate of soda and potassa, in order to determine 
whether a mutual substitution of their respective bases 
is effected. 

FALLOWING. 

In a former part of this work the insolubility of 
humus or mould has been nisistcd on, and the argu- 
ments have been adduced by which Liebig may be 
considered to have proved that its carbon is taken iq» 
by plants in the form of carbonic acid. This insoln- 
bility, he observes, is a wise provision of nature, for if 
the humus of the soil possessed even a smaller degree 
of eolubUity than that of humic acid, soils would be 
liable to be deprived of it by a long-continued nun ; 
but as it is only soluble when combined with oxygen, 
it can only bo taken up by water as caj-honic acid. Its 
conversion into carbonic acid is an extremely slow pro- 
cess. To the decay of humus moisture and access of 
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air are necessary ; and it only proceeds when plants 
grow on tlie soil in which it is contained, because the 
i-oota then absorb the carbonic acid as it is generated ; 
whereas an atmosphere of carbonic acid fiurrounding 
the particles of humus arrests the progress of decay by 
preventing access of oxygen. 

The humus abstracted from the soil by one crop is 

restored to it again by the decaying leaves, and the 

excrements of the plants, more particularly some 

' species of plants ; and thus the proportion of carlx)- 

, naceous matter contiuned in a soil inexeases under a 

1 |Wopcr system of culture. 

The decomposition of animal and vegetable matter 
I^ebig divides into two kinds : decaj', which he calls 
eremacausis (or a slow combustion), and putrefaction. 
To the former a free supply of oxygen is necessary, 
the latter takes place when oxygen is excluded, or is 
not present in sufficient quantity. Putrefying nmtters 
in a soil are injurious to vegetation, by reason of their 
powerfiil tendency to de-oxidize every substance within 
their influence, for when the roots are deprived of 
oxygen plants cannot live; the same putrefying mattera, 
when free access of oxygen lias changed the putrefac- 
tive into tlie decaying process, snpply plants with the 
carbonic acid necessary for their eai-ly developement. 

The soluble matter which communicates to water 
a brown or yellow colour is humic acid, a product of 
the putrefaction of animal and vegetable matter, and 
is a proof that oxygen is not present in sufficient quan- 
tity to complete the decay. Instead of soils being 
fertile in proportion as they possess the power of com- 
municating this colour to water, the reverse is the 
case. Plants do not thi-ive in a soil of peat which 
possesses this property in the greatest degree ; and it 
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is univoreally agreed, among practical farmers and 
gardeners, that manure Is best suited to tlie growth 
of plants when it ceases to discolour water. 

These coloured solutions lose their colour bv ab- 
sorbing oxjgen from the air, and at the same time iber 
deposit a black coaly matter, which is the insoluble 
coal of humus. In a soil therefore abounding nilh 
humio acid, the demand for oxygen ivhich it occasions 
deprives the roota of plants of an element so necesaaij' 
to their existence, that they cannot grow in earth or 
ivator destitute of free oxygen, and its effects are tlic 
same as tJiose of the hydrated protoxide of iron, whiol! 
is injmious to vegetation because it deprives tlie roots 
of oxygen. 

It fullows that the object of fallowing, besides 
tlie destruction of root and seed-weeds, is the ex- 
posure of tho organic matter contained in the soil 
to the action of the air, by nhich its decay is 
accelerated, and its conversion into carbonic acid 
promoted. The increased disintegration of the stril 
which this exposm-e to the weather effects, render^ 
at the same time, the alkalies which are locked ui> 
in it soluble and capable of being appropriated t>y 
j^ants. 

Every gat-dener and farmer is aware of tho benefit 
which plants derive from the soil around them being 
stirred and loosened, by hoeing and similar operations. 
dm:ing their growth. Tliis arises partly fi-om die 
mechanical effects produced on the soil, by whicli the 
fibres of the roots are enabled to penetrate it and 
to extend the sphere of their action, but is princi- 
pally due to the chemical pi-ocoss above mentioned, bj' 
which the conversion of organic matter into carbouc 
acid, and tlie solution of tlie alkalies are ])romoted. 
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I Experience has proved, that however highly land 
' may be manured, the same crop cannot be grown 
I opon it with advantage several years in euccesaion ; 
and, on the other hand, that an abundant produce 
may be obtained with but little manure when certain 
crops, Buch as com, are made to alternate with others, 
such as turnips, peas, clover, tares, &e,, which are 
known to the fanner by the names of green or fal- 
low crops. It has been found again, that the produce 
of some of these fallow crops is diminished if often 
repeated, and that the interval required between them 
Tories with the soil. On some lands clover will 
not grow oftener than every sixth year ; on others 
it must not recur more than once in twelve. It is 
therefore an object of the utmost importance to the 
fanner to establish such an alternation of crops as 
shall produce the greatest produce with the least 
manure; and to the attainment of that end, nothing 
will conduce more than a knowledge of the reasons 
which render this alternation necessary. This know- 
ledge, however, can only be obtained by careful in- 
duction from accurate experiments, instituted in order 
to determine the substances contained in a given 
crop — what portion of them it derives from the soil, 
and what from the atmosphere ; what substances it 
returns to the soil, and for what species of plants 
the matters bo returned will serve as nutriment. 
This knowledge is not to be attained by assumptions 
or guesses, nor by hasty conclusions from a few loose 
experiments, and yet, strange as it may appear, 
there is no class of men more prone to this error — 
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more apt to jump at theoretical conclu^ons, than 
those who glory in the title of practical. 

The facts connected with the alternation of cn^, 
which have been eBtablishcd by experience, have en- 
gaged the attention of men of science, and have led to 
investigations made with a A-iew of discovering the 
causes from which this necessity arises. The explana- 
tion firet offered was, that the soil contained a varietj 
of substances, some only of which could be assimi- 
lated by one family of plants, others by another, and 
that each plant absorbed those substances which weie 
suited to it, and rejected the rest. 

Subsequent obsen-ations caused the following mo- 
dification of this theory— namely, that plants absorb 
indiscriminately whatever ia presented to their roots in 
a state of solution, retaining that which is suited to 
assimilation by them, and expelling as excrement that 
which is unsuited. Some experiments of MacuN 
Princepa have been already mentioned, in which plants 
were made to vegetate in a weak solution of acetate of 
lead, and were sprintded with nitrate of strontian. In 
each case they absorbed the substance thus presented 
to them, for it was detected by analysis in their stnic- 
ture, hut they expelled it again. These experiments 
offered strong confirmation of the above views, and 
aflorded a satisfactory explanation of the fact, that 
a plant, like wheat, which contains much potash, will 
not flourish afiter another crop likewise requiring potash, 
and that it thrives after clover, beans, peas, or other 
te^minous plants, which scarcely contain any alkalies; 
but they did not explain how land becomes fertilized 
by fallowing, nor how leguminous plants cause an 
increase of carbonaceous matter in the soil. Other 
i however made by him have established 



SECT, vn.] FALLOW CROPS, 195 

the fact, that most, if not all plants, expel whatever 
their organs are unable to convert into woody fibre, 
starch, gluten, &c., and that these substances are of 
two kinds, inorganic matters derived from the soil, 
which are incapable of assimilation, and organic com- 
pounds formed in the plants by the vita] process. He 
found, for instance, that when leguminous plants were 
grown in water it acquired a brown colour, that other 
plants of the same kind would not grow in this water, 
but tlmt the plants of com throve in it and removed 
some of the colouring matter. He ascertained, too, 
that of the organic matters thus expelled, some were of 
an acrid resinous nature, some mild, like gums, the 
former of wliich he regarded as poisonous, the latter as 
nutritious, to succeeding crops. These organic matters, 
thus expelled by the roots and deposited in the soil, 
restore to it the carbon, which in the early stages of 
their growth the plants had extracted from it in the 
shape of carbonic acid. Before they can be converted 
into nutriment for other plants they must undergo 
decomposition; their putrefaction must be converted 
into decay by the access of air, which tillage produces, 
and thus they become capable of performing the func- 
tions of humus, by affording a eupply of carbonic acid. 
In calcareous soils, the process of decay is accelerated 
by the presence of lime, while argillaceous soils are 
those in wiiich the longest time is required for its 
completion. The excrements of a given crop must be 
thoroughly decomposed before the land will produce 
another of the same species, and on those soils on 
which the longest intervals are required between crops 
of the same kind, it is found that the time cannot be 
shortened by the most powerful manures. Now calca- 
reous soils are those on which peas, clover, &c. will 
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repeated at the sLortest inten'als, and 
argillaceous soUa are those on which the longest 
periods are required between them. But though these 
excrements, imdecomposod, either wholly or in part, 
are injurious to plants of the same speciefi as thoee 
which expelled them ; they are not so, nay, are evai 
capable of affording nutriment to those of other species; 
and therefore the introduction into cultivation of everf 
new plant which can supply the place of another, such 
as clover, or turnips, which will not bear frequent 
repetition, confers a great benefit on the farmer, hf 
furnishing him with the means of varying and extend- 
ing hia rotation. Plants mth tap-roots which strike 
deep into the soil, and with a large system of leaves, 
and which are consumed on the land before the seeda 
ore matured, are the most uscliil in preparing the land 
for a corn-crop, whose roots do not penetrate deep, and 
whose seeds constitute their chief value. The roots of 
such fallow crops striking deep into the eartli, bring, 
as it were, a new land into cultivation, by coUectii^, 
from a depth to which corn does not penetrate, sub- 
stances, such as alkalies and phosphates, diSused 
through the subsoil, and which are thus brought to the 
surface and tliere de]>osited, partly in the excrements 
of the cattle by which the crop is consumed, partly, 
perhaps, in the excrements of the plants themselTss; 
these Litter certainly leave in the soil a considerable 
amount of carbon, which the extensive surface of leaves 
has enabled the plant to obtain from the atmosphere. 
Thus a judicious and extended rotation of crops, while 
it increases the amount of animal manure, enables the 
cultivator to obtain a maximum produce with less ex- 
penditure of it, by availing himself, as extendi 
possible, of the excrements of plants. 
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Our system of agriculture is also susceptible of im- 
provement, not only from a more extended rotation 
which shall enable us to dispense with the frequent 
repetition of certain crops, but from the employment 
of means which shall shorten the long intenals re- 
quired between those crops on certain soils, by eflect- 
ing a more rapid decomposition of the excrements 
which they leave behind them. On argillaceous soils, 
for instance, these effects will be produced by the use 
of lime, alkalies, and wood-ashes. In the attainment 
of these objects, the investigations of science are capa- 
ble of affording valuable a;sststance to practical men, 
by discovering the causes which render certain modes 
of cultivation advantageous, and by directing their 
experiments in search of improvement into proper 
channels. These investigations can scareely be said 
at present to have commenced. In order to the esta- 
blishment of the most profitable system of rotation, it 
ia necessary that experiments on new modes of prac- 
tice should be accompanied by the most accurate 
possible analyses (such as have only lately been brought 
to this department of chemistry) of the soil, both 
before and after it has produced com and fallow crops ; 
of the manures applied, and of the difference in the 
constituents of the crop grown on the same soil, witli 
or without those manures. 



IRRIGATION. 

On no depai'traent of agriculture are the principles 
developed by Liebig capable of throwing greater light 
than on the practice of irrigation. The benefits 
which grass land derives from it are well known ; 
and when the water with which the meadows are 
9- 
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hT)gAte<l ia macli charged with the dr^nage of tonus 
and fann-steds, the Di^nic matter held in siispensdaH 
affords an easy explanation of its efficacy to those 
who ni^nt^ that pUnta can only be nourished bj 
means of organic matter ; hut this explanation fails 
to account for the advantages derived, thoi^h not 
to the same extejit, from irrigation with colourUes 
and apparently pure spring water ; and therefore every 
practical man, who is cognisant of the fact, invents 
8ome theory of his own to explain it. Kven Davy 
was inclined to ascribe much of the benefits of ini- 
gation to the protection which the grass received 
when covered with water from the frosts of eariy 
spring. Let it however once be admitted, that in- 
organic salts are necessary to the well-being of plants, 
and promote an increased development of them, and 
the wonder ceases; for the water of the clearest 
springs holds in solution a number of these salts, 
such as carbonate, sulphate, and chloride of lime, 
with silicate and other salts of ))otassa and soda. 
Reeds and equisctaoem thrive in ditches and stream- 
lets, because a large portion of siUcate of potasaa 
enters into their composition, and, by the frequent 
change of the water, dissolved silica ia largely sup- 
plied. The meadow-grasses likewise require Plicate 
of potas-sa, and tiiey are furnished with it by the 
water which flows over them while under irrigation. 
The carbon also, and the carbonaceous excremeitts 
of plants contained in the soil, require abundance of 
oxygen to promote their decay and conversion into 
carbonic acid. Now tlie water of rivers and Btreams 
holds oxygon in solution, and if, during the procen 
of irrigation, the water be frequently renewed, no 
matter how thin the sheet of it with which the 
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meadow be covered, it will communicate large eup- 
plies of oxygen, and promote the (Icconiposition of 
the organic matters contained in the soil. Stagnant 
water, on the contrary, retards their conversion into 
carbonic acid by preventing the access of air, and 
hence arises the sterility of bogs and marshes. ]n 
order to convert them into luxuriant meadows, it is 
only necessary to remove the stagnant water by drain- 
ing, and, where practicable, to irrigate them by means 
of water rapidly renewed. 

In worm climates irrigation ia practised on arable 
as well as meadow-land, and is necessary to impart 
to the parched soil sufficient moisture to present 
plants with the salts which they requii-e in a state of 
solution. In this country, where the humidity of the 
climate renders artificial supplies of moisture to the 
arable land superfluous, the practice of irrigation is 
confined to meadows, and performs the double office 
of supplying them with liquid manure in a state of 
great dilution, and of accelerating the decay of car- 
bonaceous matters existing in the soil, by bringing 
them in contact with frequently renewed supplies of 
oxygen. Water-meadows are usually confined to low- 
lands, with only sufficient fall to allow of the water 
being returned into the adjoining stream ; aud even 
in such situations, either from want of capital, or 
want of energy, or from the intermixture of property 
and the entails to which it is subject, full ad\'aotage 
J3 rarely tahen of the means of improvement at com- 
mand. But it is not to such lowland meadows alone 
that the benefits of irrigation are applicable. Expe- 
rience has shewn, that the fertilizing properties of 
water are capable of converting the most barren up- 
land wastes into productive meadows, and that these 
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in which irrigation can be applied 
«ritk the graMest effect, from the quick circulation 
if tke wwter over tbem which the fail of the ground 
aloxra. In soch ntnations the benefit is not confiDed 
Is ifae land aetoiDjr irr^tcd ; its influence extends to 
tke ai^oinii^ anble lane], which obtains from these 
iMwknre luge mpf^es of manure, and is thus made 
to yiM vx tncicased produce. The water-in eadows 
of tfae Duke of Portland at Clipstone, and of Lord 
Hatfaectoa at Teddesley. have proved that few modes 
of in ro et iug capita] bold out prospects of such certiuii 
and profitaUe retums*. 

The dipetone watn^meadows are situated in the 
midst of Sherwood Forest, between the towns of 
Mmosfidd and OUerton, and are watered by the little 
■tnam of the Silaun. in its descent from the tovn 
of HanMd. The Valley of the Maun in its original 
atste «K cotered by bog 9 or 10 feet deep. The 
ldl-«ides varied in quality, but £80. would have been 
a h%h r»ut for the 300 acres ; and the whole rent 
of the Clipstone Park Farm, containing 1 487 acres, 
when taken in hand in 1816, did not exceed £346. 

By means of two flood-dikes, one on each side of 
the valley, of the respective lengtlis of 5 J a ' 2 
miles, the water was diverted over the drj- and barren 
slopes of the hills, and returned into the stream of the 
Maun at a point nearly 59 feet below that from which 
it was or^nally derii'ed. The number of acres watered 
is about 300, consisting partly of land of this descrip- 
tion, partly of swampy valley. Each had to be pre- 
pared for irrigation by a peculiar process, the swamp 
by draining, the hill-sides by stubbing the gorse, 
paring, burning, draining, levelling and fallowing for 
■ Soc Juunial of the Rojal Aj^cultiml Society, p. 3Sd. 
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turnips, which were followed by barley, and that 
again by turnips. After the second (in some cases 
the third) crop of these, the land was sown with 
grass-seeds, on which when sutEciently strong, that 
is, when from one to six months old, according to 
the season, the water was turned. 

The preparation of the swamp was the most ex- 
pensive, and the results less satisfactory than on the 
hill-sides, where the water produced the greatest effects. 
Draining formed a very heavy item of expenditure in 
both cases, irrigation causing fresh and deeper springs 
to break out on land which previously appeared to 
have been laid sufficiently dry, and without effectual 
draining irrigation loses half its value. In order com- 
pletely to cut off the springs, the bog-iands were 
drained to the depth of 12 feet, (sometimes more) 
by means of drains 3 feet wide at the top, and one 
foot at the bottom, at a cost, for cutting and filling, 
exclusive of tOes, of Is. id. per linear yai'd. The 
best inclination for the surface appears to be a fall 
of 1 foot in 9. With this declivity it was found 
that the earliest and largest produce was obtained. 
On very flat parts near the river, where the flow of 
wat<"- was languid, the crops were found to be small, 
notwithstanding the superior quality of the land; thus 
illustrating the necessity already spoken of, for a 
supply of oxygen by means of water frequently re- 
newed. 

The water is allowed to remain on the newly sown 
grass about four dajs, and then taken ofl", and after 
the crap is mown the water is again admitted. 

The same management is applied to tlie old sward, 
the water being turned on for three or four days at 
a time, at intervals of about a month or six weeks, 
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ighout the year. The time of keeping tlie water 
on varies however with the season and the state tf 
the weather. 

The produce of these meadows is very great, and 
ia applied in the following manner. From Jaraaiy 
to the end of March, and sometimes even till late in 
May, they are fed with ewes and lambs, maintaining 
two couples to the acre. From April to the end of 
July two cuttinga of grass are obtained, producing 
together 36 loads of green fodder per acre, whicli 
is consumed by cattle in the yards ; and thus these 
300 acres of water-meadow enrich nearly 1500 acres 
of arable land. If mown for hay the land yields two 
tons per acre, and is pastured so much later that 
four lambs per acre are fattened instead of two. On 
the whole, the net produce per acre, after deducting 
all espenscs except rates and taxes, is estimated at 
jgn. lie. This improvement has been effected by 
means of an expenditure, for levelling, forming car- 
riers, roads, bridges and stop-gates, of i39,297. The 
greatest effect is produced by irrigating the meadows 
after strong rains, when the water is charged with the 
drainings of the town of Mansfield ; at those times it 
sometimes deposits a sediment in one watering equal 
in thickness to a sheet of paper. Mineral watera 
and waters from peat-mosses and bogs are stated to Iw 
injurious. Mineral waters, however, is i-ather a vague 
term, since it applies to those holding carbonate and 
sulphate of lime and alkaline salts in solution, which 
are decidedly beneficial. The pernicious effects of 
the water derived from peat-bogs and marshes arises 
from the presence of proto-snlphate of iron, which, 
stead of furnishing the gi-ass with oxygen, abstracts 
■ing its conversion into the peroxide. This evil, 
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[lowever, might be remedied by exposing such waters 
to the action of the air for some time in reservoirs, 
where the proto-sulphate would acquire oxygen, and 
deposit a slime consisting principally of the hydrate of 
the protoxide of iron, which, when sufBciently pure, 
ivDuld be valuable as a yellow pigment, or might be 
converted into different shades of red by being fiirther 
oxidized at a low red heat. The less pure portions, 
mixed with lime, form an admirable cement for setting 
under water ; or, when converted into the peroxide, 
would have a beneficial effect on land. Such reservoirs 
would be attended with other advantages. They would 
furnish water-power for the \TOrking of machinery, and 
would supply a reserve of water for the purpose of 
irrigation during dry seasons, when it is of the greatest 
value. The sulphate of iron might in some cases be 
decomposed by mixing the water containing it with 
that derived from calcareous soils, which would con- 
Udn carbonate of lime, dissolved in excess of carbonic 
acid. The sulphuric acid would quit the iron for the 
lime, and sulphate of lime would be formed. 

At Teddesley Lord Hatlierton inclosed and drained, 
during ten years, 467 acres, thereby increasing the 
rental from £2.54 to £689. The drainage water is 
conducted to a mill-pond, and thence to a water-wheel 
30 feet in diameter, which turns machinery by which 
various operations are performed, effecting a saving of 
labour to the amount of £400 a year. After driving 
the mill, the water is joined by a carrier which brings 
down the drainings of the farm-yard. These and 
the pluvial matter brought by the mill-course mix 
in a tank, and the mixture is employed in irrigating 
89 acres of upland meadow, which it has improved 
to the amount of £2 per acre annually, The total 
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e of these opentioiis was £3,733, and the total 
B of nlue £1,013. 

Of the adrantages to be obtained by employuig 
the aeweisge of large towns in irrigating the adjoin- 
ii^ Unda, a remarkable example is furnished by EdJD- 
bnr^ where hiUocks of eand have thus been converted 
into the most &uitAil meadon-a. Their produce, let 
e^-enr year by auction, in plots of a quarter of an acre 
and upwards, generally brings from £^1 to £30 per 
acre, and in some instances e^'en more. The clear 
profits of 1 10 acres for the year 1827 were £2,300. 

We may judge bow much the produce of this 
eountr)- might be increased by a general sj-stem of 
drainage, and by a judicious application of the sewer- 
age of large towns to the purposes of irrigatioD. 
from the above facts, and by bearing in mind that 
it is a generally admitted estimate, that out of die 
12,000,000 acres of arable land in England and 
Wales 10,000,000 require drainage; to which, m 
order to carry the system of irrigation as high up 
the hills as possible, 10,000,000 more of pasture land 
must be added. Uuring parliamentary inquiti^ le- 
qiecting the supply of water to the metropolis, il 
was calculated that 11.5,000 tons of liquid and solid 
manure were daily discharged into the Thames; and 
England and ^Vales contain 230 other towns, with 
populations varying from 20,000 to 262,000 inbabi- 



